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(54) Power output apparatus and method of controlling the same 


(57) A power output apparatus of the invention 
includes a clutch motor (30) and an assist motor (40) 
that allow energy output from an engine (50) driven at a 
driving point of high efficiency to be converted to energy 
expressed as the product of a revolving speed and a 
torque of a drive shaft (22) and to be output to the drive 
shaft (22). In case that a large torque is required, for 
example, when the vehicle starts on a rising slope or 
runs at a low speed, the engine (50) is driven at a high- 
energy driving point having a large torque and a high 
efficiency. This structure causes large electric power to 
be generated by excess energy greater than the energy 
generally consumed and enables a battery (94) to be 
charged with the large electric power. The power output 
apparatus of the invention further has functions of pre- 
dicting the process of charging the battery (94) with the 
large electric power based on a driving state of the vehi- 
cle and topographical information and lowering the 
remaining charge of the battery (94) in advance accord- 
ing to the requirements. This process effectively pre- 
vents the battery (94) from being damaged with excess 
charging. 


Fig. 1 
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Description 

BACKGROUND OF THE INVENTION 
1 . Field of the Invention 


The present invention relates to a power output apparatus and a method of controlling the same. More concretely, 
the present invention pertains to a power output apparatus for outputting power generated by an engine to a drive shaft 
with a high efficiency and a method of controlling such a power output apparatus 


2. Description of the Prior Art 


, J? kn ° w " P 0 ^ °"<P"t apparatuses mounted on a vehicle, an output shaft of an engine is electromagnetically 
linked with a drive shaft, which connects with a rotor of a motor, by means of an electromagnetic coupling, so that power 
of the engine is transmitted to the drive shaft (as disclosed in. for example. JAPANESE PATENT LAYING-OPEN 
GAZETTE No. 53-133814). In this prior art power output apparatus, the motor starts driving the vehicle. When the 
revolving speed of the motor reaches a predetermined level, an exciting current is given to the electromagnetic coupling 
to crank the engine, simultaneously with a supply of fuel to the engine and ignition with a spark, so that the engine starti 
its operation. After the start of the engine, the power output from the engine is transmitted to the drive shaft via the elec- 
tromagnet coupling to run the vehicle. When the power transmitted to the drive shaft via the electromagnetic coupling 
does not satisfy the required power of the drive shaft, the motor is driven to supplement the insufficiency. While trans- 
mitting the power to the drive shaft, the electromagnetic coupling regenerates electric power corresponding to a slip of 
its electromagnetic linkage. The regenerated electric power is stored in a battery to be used for starting the vehicle or 
is used as power of the motor to supplement the insufficient power of the drive shaft 

This power output apparatus requires a motor having a large output torque. Only the power from the motor is used 
to start or launch the vehicle, and the motor with a large output torque is accordingly required for sufficient acceleration 
Taking into account the starting operation on a rising slope, the motor is required to have a greater output torque The 
motor having a large output torque is generally rather bulky and undesirably increases the size of the whole power out- 
put apparatus. This is especially not suitable when the power output apparatus is mounted on a limited space such as 

a relatively targe^fze ^ f *™ W * '* ^ l ° hW * 3 ' arge ° apadty and thereby has 

The applicant has invented a technique (not filed) of enabling the power output from an engine which starts its oper- 
a ion before a start of the vehicle to be transmitted to a drive shaft via an electromagnetic coupling, as well as addition 
of the power from a motor to the drive shaft. This lowers the required output torque of the motor and makes the whole 
power output apparatus relatively compact. At the moment of starting the vehicle, the revolving speed of the drive shaft 
is extremely small, so that the electric power regenerated by the electromagnetic coupling becomes greater than the 
electric power consumed by the motor. This may result in excess charging and damage the battery. 

SUMMARY OF THE INVENTION 

One object of the present invention is to provide a power output apparatus that realizes a sufficient output at a time 
of starting the vehicle without damaging the battery, as well as a method of controlling such a power output apparatus 

Another object of the present invention is to provide a power output apparatus having small-sized motors and bat- 
tery and a method of controlling such a power output apparatus. 

At least part of the above objects is realized by a first power output apparatus mounted on a vehicle for outputting 
power to a drive shaft of the vehicle of the present invention. The first power output apparatus comprises: an engine 
having i an .output shaft; engine-driving means for driving the engine; a first motor comprising a first rotor connected with 
the output shaft of the engine and a second rotor connected with the drive shaft, the second rotor being coaxial to and 
rotatable relative to the first rotor, the first and second rotors being electromagnetically connected with each other 
whereby power is transmitted between the output shaft of the engine and the drive shaft via an electromagnetic cou- 
p ing of the first rotor with the second rotor; a first motor-driving circuit for controlling the degree of electromagnetic cou- 
pling of the first rotor with the second rotor in the first motor and regulating the rotation of the second rotor relative to 
he first rotor; a second motor connected with the drive shaft; a second motor-driving circuit for driving and controlling 
the second motor; storage battery means connected with the first motor-driving circuit and the second motor<lriving cir- 
cuit, the storage battery means being charged with electric power and discharged to release electric power via the first 
motor-drivmg crcuit and the second motor-driving circuit; running state detection means for detecting a running state 
of the veh.cle. power prediction means for predicting an output state of the power to the drive shaft corresponding to a 
predetermined output state based on the running state of the vehicle detected by the running state detection means 
the predetermined output state representing the output state accompanied by a process of charging the storage battery 
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means with electric power that is equal to or greater than a predetermined electric power; and control means for when 
the predetermined output state is predicted by the power prediction means, controlling the engine via the engine-driving 
means and controlling the lirst motor and the second motor via the first motor-driving circuit and the second motor-driv- 
ing circuit, so as to allow the storage battery means to be charged at least with the predetermined electric power. 

The term Vehicle' here and hereinafter represents general automobiles running on the road surface without a track 
train cars running on the railway, special vehicles such as cranes and fork lift trucks, and industrial machines 

In Ihe first power output apparatus of the present invention, when the predetermined output state of the power to 
the drive shaft, which is accompanied by a process of charging the storage battery means with electric power that is 
equal to or greater than a predetermined electric power, is expected, the control is carried out to allow the storage bat- 
tery means to be charged at least with the predetermined electric power. This structure effectively prevents the storage 
battery means from being damaged by excessive charging, and avoids an undesirable state that can not output the 
power due to a full charge of the storage battery means. While the power of the engine is output to the drive shaft via 
the first motor, the power of the second motor is output to the drive shaft. Namely the required power is supplied to the 
drive shaft by both the engine and the second motor. Compared with the conventional structure wherein only the sec- 
ond motor supplies the required power to the drive shaft, the structure of the present invention can reduce the size of 
the second motor. Part or all of the electric power required by the second motor is compensated by the electric power 
regenerated by the first motor. This structure reduces the size of the storage battery means, compared with the conven- 
tional structure wherein all the required electric power depends upon the storage battery means 

In accordance with one aspect of the first power output apparatus of the present invention, the power prediction 
means further comprises means for, when the running state of the vehicle detected by the running state detection 
means represents a state in which the vehicle is running on a slope having a predetermined or greater rising gradient 
predicting that the predetermined output state would be expected in a predetermined time period. This structure allows 
the output state of the power accompanied by the process of charging the storage battery means with excess electric 
power, for example, a start or a low-speed drive of the vehicle on a rising slope, to be more readily predicted These 
conditions represent the output state of the power accompanied with the process of charging the storage battery means 
with excess electric power, because of the following reason. The power required to output the drive shaft has a large 
torque but a small revolving speed, whereas a predetermined revolving speed is essential for outputting a large torque 
from the engine. a M 

In accordance with one aspect of the first power output apparatus of the present invention, the first power output 
apparatus further comprises position/direction detecting means having map information, the position/direction detect- 
ing means detecting a current position and a running direction of the vehicle in relation to the map information wherein 
the power prediction means predicts the predetermined output state, based on the running state of the vehicle detected 
by the running state detection means and the current position and the running direction of the vehicle detected in rela- 
t.on to the map information by the position/direction detecting means. This structure enables the predetermined output 
state of the power, which is accompanied by the process of charging the storage battery means with excess electric 
power, to be more accurately predicted. 

In accordance with one aspect of the first power output apparatus of the present invention, the first motor and the 
second motor are constructed as a complex motor that comprises a third rotor connected with the output shaft of the 
engine, a fourth rotor connected with the drive shaft to be coaxial to and rotatable relative to the third rotor and a stator 
or rotating the fourth rotor, the third rotor and the fourth rotor constituting the first motor comprising the first rotor and 
the second rotor whereas the fourth rotor and the stator constituting the second motor. The integral structure of the first 
motor and the second motor reduces the size of the whole power output apparatus. 

The present invention is further directed to a second power output apparatus mounted on a vehicle for outputtinq 
power to a drive shaft of the vehicle. The second power output apparatus comprises: an engine having an output shaft 
eng.ne-dnv.ng means for driving the engine; a first motor comprising a first rotor connected with the output shaft of the 
eng.ne and a second rotor connected with the drive shaft, the second rotor being coaxial to and rotatable relative to the 
first rotor, the first and second rotors being electromagnetically connected with each other, whereby power is transmit- 
ted between the output shaft of the engine and the drive shaft via an electromagnetic coupling of the first rotor with the 
second rotor; a first motor-driving circuit for controlling the degree of electromagnetic coupling of the first rotor with the 
second rotor in the first motor and regulating the rotation of the second rotor relative to the first rotor- a second motor 
connected with the output shaft of the engine; a second motor-driving circuit for driving and controlling the second 
motor; storage battery means connected with the first motor-driving circuit and the second motor-driving circuit the 
storage battery means being charged with electric power and discharged to release electric power via the first motor- 
dr.v.ng c.rcuit and the second motor-driving circuit; running state detection means for detecting a running state of the 
vehicle; power prediction means for predicting an output state of the power to the drive shaft corresponding to a prede- 
termined output state based on the running state of the vehicle detected by the running state detection means the pre- 
determined output state representing the output state accompanied by a process of charging the storage battery means 
with electric power that is equal to or greater than a predetermined electric power; and control means for when the pre- 
determined output state is predicted by the power prediction means, controlling the engine via the engine-driving 
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means and controlling the first motor and the second motor via the first motor-driving circuit and the second motor-driv- 
ing circuit, so as to allow the storage battery means to be charged at least with the predetermined electric power. 

In the second power output apparatus of the present invention, when the predetermined output state of the power 
to the drive shaft, which is accompanied by a process of charging the storage battery means with electric power that is 
equal to or greater than a predetermined electric power, is expected, the control is carried out to allow the storage bat- 
tery means to be charged at least with the predetermined electric power. This structure effectively prevents the storage 
battery means from being damaged by excessive charging, and avoids an undesirable state that can not output the 
power due to a full charge of the storage battery means. 

In accordance with one aspect of the second power output apparatus of the present invention, the first motor and 
the second motor are constructed as a complex motor that comprises a third rotor connected with the output shaft of 
the engine, a fourth rotor connected with the drive shaft to be coaxial to and rotatable relative to the third rotor, and a 
stator for rotating the fourth rotor, the third rotor and the fourth rotor constituting the first motor comprising the first rotor 
and the second rotor whereas the third rotor and the stator constituting the second motor. The integral structure of the 
first motor and the second motor reduces the size of the whole power output apparatus. 

The present invention is further directed to a third power output apparatus mounted on a vehicle for outputting 
power to a drive shaft of the vehicle. The third power output apparatus comprises: an engine having an output shaft; 
engine-driving means for driving the engine; a first motor comprising a first rotor connected with the output shaft of the 
engine and a second rotor connected with the drive shaft, the second rotor being coaxial to and rotatable relative to the 
first rotor, the first and second rotors being electromagnetically connected with each other, whereby power is transmit- 
ted between the output shaft of the engine and the drive shaft via an electromagnetic coupling of the first rotor with the 
second rotor; a first motor-driving circuit for controlling the degree of electromagnetic coupling of the first rotor with the 
second rotor in the first motor and regulating the rotation of the second rotor relative to the first rotor; a second motor 
connected with the drive shaft; a second motor-driving circuit for driving and controlling the second motor; storage bat- 
tery means connected with the first motor-driving circuit and the second motor-driving circuit, the storage battery means 
being charged with electric power and discharged to release electric power via the first motor-driving circuit and the sec- 
ond motor-driving circuit; position/direction detecting means having map information, the position/direction detecting 
means detecting a current position and a running direction of the vehicle in relation to the map information; power pre- 
diction means for predicting an output state of the power to the drive shaft corresponding to a predetermined output 
state based on the current position and the running direction of the vehicle detected in relation to the map information 
by the position/direction detecting means, the predetermined output state representing the output state accompanied 
by a process of charging the storage battery means with electric power that is equal to or greater than a predetermined 
electric power; and control means for, when the predetermined output state is predicted by the power prediction means, 
controlling the engine via the engine-driving means and controlling the first motor and the second motor via the first 
motor-driving circuit and the second motor-driving circuit, so as to allow the storage battery means to be charged at 
least with the predetermined electric power. 

In the third power output apparatus of the present invention, when the predetermined output state of the power to 
the drive shaft, which is accompanied by a process of charging the storage battery means with electric power that is 
equal to or greater than a predetermined electric power, is expected, the control is carried out to allow the storage bat- 
tery means to be charged at least with the predetermined electric power. This structure effectively prevents the storage 
battery means from being damaged by excessive charging, and avoids an undesirable state that can not output the 
power due to a full charge of the storage battery means. The prediction of the running state of the vehicle is carried out, 
based on the current position and the running direction of the vehicle as well as the map information. This enables the 
output state of the power accompanied by the process of charging the storage battery means with excess electric power 
to be more accurately and readily predicted. While the power of the engine is output to the drive shaft via the first motor, 
the power of the second motor is output to the drive shaft. Namely the required power is supplied to the drive shaft by 
both the engine and the second motor. Compared with the conventional structure wherein only the second motor sup- 
plies the required power to the drive shaft, the structure of the present invention can reduce the size of the second 
motor. Part or all of the electric power required by the second motor is compensated by the electric power regenerated 
by the first motor. This structure reduces the size of the storage battery means, compared with the conventional struc- 
ture wherein all the required electric power depends upon the storage battery means. 

In accordance with one aspect of the third power output apparatus of the present invention, the map information of 
the position/direction detecting means comprises specific information regarding a specific area that generates the pre- 
determined output state and requires the vehicle to run on a slope having a predetermined or greater rising gradient, 
the power prediction means further comprising means for, when the current position of the vehicle detected by the posi- 
tion/direction detecting means corresponds to the specific area that generates the predetermined output state and is 
included as the specific information in the map information, predicting that the predetermined output state would be 
expected in a predetermined time period. 

In accordance with another aspect of the third power output apparatus of the present invention, the map information 
of the position/direction detecting means stores specific information regarding a specific area that generates the prede- 
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terminal output state and requires the vehicle to run on a slope having a predetermined or greater rising gradient the 
™Z * °", meanS ! urther ""Pridng means for. when the vehicle is expected to enter, in a predetermined time 
penod the specific area that generates the predetermined output state and is included as the specific information in the 
map informatjon. based on the current position and the running direction of the vehicle detected by the position/direc- 
ScJ 9 m6anS ' PrediCtin9 ^ predetermined **• w °"' d be expected in the predetermined time 

rta ^ structures enable the predetermined output state of the power, which is accompanied by the process of 
charg.ng the storage battery means with excess electric power, to be more accurately predicted at an earlier staae 

In accordance with still another aspect of the third power output apparatus of the present invention, the map infer- 
mation i of the pos.fonZd.rect.on detecting means stores data regarding slopes on a driving route of the vehiclels soe- 
crf.c information, the power prediction means further comprising means for. when the vehicle is running on a slope 
2r£15 rede, f e t r h m,ne J °, r risino 9 radient based °n the map information and the current position and the run- 

n ng direction of the vehicle detected by the position/direction detecting means, predicting that the predetermined out- 
put state would be expected .n a predetermined time period. This structure enables the predetermined output state of 
the power, wh.ch .s accompan.ed by the process of charging the storage battery means with excess electric power to 
be more accurately predicted at an earlier stage. 

a „H !" aCCOrda " ce " ith sti " another asP** of the third power output apparatus of the present invention, the first motor 
of fh JaTt 71 "! COnStmcted as a comp,ex motor that comprises a third rotor connected with the output shaft 
a ^nTS T r ° tor , c h ° nneCted With the drive shaft 10 be coaxial to and statable relative to the third rotor, and 
fa^^T 9 ?* ° Urt ? ** ,hird r0, ° r and the ,0Urth rot0r fluting the first motor comprising the first 
rotor and the second rotor whereas the fourth rotor and the stator constituting the second motor. The integral structure 
of the f.rst motor and the second motor reduces the size of the whole power output apparatus 

nnJr h ^ r H Sent TV*??.* 'T*' dkeCt&i t0 3 f ° Urth P0Wer output apparatus mounted on a vehicle for outputting 

eZl H f ? C 6 foUrth ° UtPUt I*™** C ° mpriseS: an en ° ine havin ° an output shaft 

eng.ne4nv.ng means for dnv.ng the engine; a first motor comprising a first rotor connected with the output shaft of the 
eng.ne and a second rotor connected with the drive shaft, the second rotor being coaxial to and rotatable relative to h 1 
■rat rotor, the first and second rotors being electromagnetically connected with each other, whereby power is transmit- 
ted between the output shaft of the engine and the drive shaft via an electromagnetic coupling of the first rotor with the 
second ro or; a ,st motor-driving circuit for controlling the degree of electromagnetic coupling of the first roto w £ Te 
second rotor in the first motor and regulating the rotation of the second rotor relative to the first rotor; a second motor 
ZT£2 "V n ° UtPUt ^ ° f en9in6; 3 S6C0nd moto ^riving circuit for driving and controlling the second 
^Sl S 9 y ™ ans u connected with ^e first motor-driving circuit and the second motor-driving circuit the 

storage battery means being charged with electric power and discharged to release electric power via the first motor- 
dnv.ng crcuit and the second motor-driving circuit; position/direction detecting means having map information the oosi- 
"2 ; n detect,n 9 ™ ans ^tecting a current position and a running direction of the vehicle in relation to the map 

nrZ7lZ • - fT I P [ I*, I" m !f nS f ° r PrediCtin9 an ° Utput Stete 0f the power to the drive shaft corresponding to a 
£™ T °"t P ut state based on the current position and the running direction of the vehicle detected in rela?on to 
the map .nformatron by the position/direction detecting means, the predetermined output slate representing the oX, 
state accompan.ed by a process of charging the storage battery means with electric power that is equal to or greater 
IT 3 pr * d * ,erm,ned e,ectric power ^ and oontrol means for. when the predetermined output state ^predicted by the 
power prediction means, controlling the engine via the engine-driving means and controlling the first motor and the sec 
ond motor via the first motor-driving circuit and the second motor-driving circuit, so as to allow the storage battery 
means to be charged at least with the predetermined electric power 9 V 

th* !?rl e ^ h°T ° U,PUt apparatus of the present Mention, when the predetermined output state of the power to 

o o - 7 T 15 aCC ° mPamed b/ 8 PrOC6SS ° f Char9in9 the Stora 9 e ba «erv means with electric power that s 
equal to or greater than a predetermined electric power, is expected, the control is carried out to allow the storage bat- 
tery means to be charged at least with the predetermined electric power. This structure effectively prevents the storage 

TV 6 '" 9 f r 96d by 6XCeSSiVe Chargin9 ' and av0idS an "desirable state tha^can not output Ihe 
power due to a full charge of the storage battery means. The prediction of the running state of the vehicle is carried out 

f t Z ; e ; t u ; en ' position and the runnin 9 dir «*on of the vehicle as well as the map information. This enab.es the 
outout state of the power accompanied by the process of charging the storage battery means with excess electric powe* 
to be more accurately and readily predicted. power 
In accordance with one aspect of the fourth power output apparatus of the present invention, the first motor and the 
second motor are constructed as a complex motor that comprises a third rotor connected with the output shaft of the 

fo^ot 6 ; 3 ! * T n ^ With ,he drive Shaft ,0 be coaxial to and ro,at able relative to the third rotor, and a stato* 
fa, rotating the fourth rotor, the third rotor and the fourth rotor constituting the first motor comprising the first rotor and 
the second rotor whereas the third rotor and the stator constituting the second motor. The integral structure of the first 
motor and the second motor reduces the size of the whole power output apparatus 

The present invention is further directed to a fifth power output apparatus mounted on a vehicle for outputting power 
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to a drive shaft of the vehicle. The fifth power output apparatus comprises: an engine having an output shaft; a first 
motor comprising a first rotor connected with the output shaft of the engine and a second rotor connected with the drive 
shaft, the second rotor being coaxial to and rotatable relative to the first rotor, the first and second rotors being electro- 
magnetically connected with each other, whereby power is transmitted between the output shaft of the engine and the 
drive shaft via an electromagnetic coupling of the first rotor with the second rotor; a first motor-driving circuit for control- 
ling the degree of electromagnetic coupling of the first rotor with the second rotor in the first motor and regulating the 
rotation of the second rotor relative to the first rotor; a second motor connected with the drive shaft; a second motor- 
driving circuit for driving and controlling the second motor; storage battery means connected with the first motor-driving 
circuit and the second motor-driving circuit, the storage battery means being charged with electric power and dis- 
charged to release electric power via the first motor-driving circuit and the second motor-driving circuit; power-consum- 
ing means electrically connected with the first motor-driving circuit and the second motor-driving circuit, the power- 
consuming means consuming at least part of the electric power regenerated via at least one of the first motor-driving 
circuit and the second motor-driving circuit; output state detecting means for detecting an output state of the power to 
the drive shaft by the engine, the first motor, and the second motor; and electric power control means for, when the out- 
put state of the power detected by the output state detecting means is accompanied by a process of charging the stor- 
age battery means with electric power that is greater than a predetermined electric power, controlling the first motor- 
driving circuit, the second motor-driving circuit, and the power-consuming means, in order to supply the predetermined 
electric power to the storage battery means which is thereby charged with the supplied electric power, while supplying 
a surplus power to the power-consuming means. 

Even when the predetermined output state of the power, which is accompanied with the process of charging the 
storage battery means with excess electric power, occurs, the fifth power output apparatus according to the present 
invention supplies surplus electric power to the power-consuming means for consumption. This structure effectively 
prevents the storage battery means from being damaged by excessive charging, and avoids an undesirable state that 
can not output the power due to a full charge of the storage battery means. While the power of the engine is output to 
the drive shaft via the first motor, the power of the second motor is output to the drive shaft. Namely the required power 
is supplied to the drive shaft by both the engine and the second motor. Compared with the conventional structure 
wherein only the second motor supplies the required power to the drive shaft, the structure of the present invention can 
reduce the size of the second motor. Part or all of the electric power required by the second motor is compensated by 
the electric power regenerated by the first motor. This structure reduces the size of the storage battery means, com- 
pared with the conventional structure wherein all the required electric power depends upon the storage battery means. 

In accordance with one aspect of the fifth power output apparatus of the present invention, the first motor and the 
second motor are constructed as a complex motor that comprises a third rotor connected with the output shaft of the 
engine, a fourth rotor connected with the drive shaft to be coaxial to and rotatable relative to the third rotor, and a stator 
for rotating the fourth rotor, the third rotor and the fourth rotor constituting the first motor comprising the first rotor and 
the second rotor whereas the fourth rotor and the stator constituting the second motor. The integral structure of the first 
motor and the second motor reduces the size of the whole power output apparatus. 

The present invention is further directed to a sixth power output apparatus mounted on a vehicle for outputting 
power to a drive shaft of the vehicle. The sixth power output apparatus comprises: an engine having an output shaft; a 
first motor comprising a first rotor connected with the output shaft of the engine and a second rotor connected with the 
drive shaft, the second rotor being coaxial to and rotatable relative to the first rotor, the first and second rotors being 
electromagnetically connected with each other, whereby power is transmitted between the output shaft of the engine 
and the drive shaft via an electromagnetic coupling of the first rotor with the second rotor; a first motor-driving circuit for 
controlling the degree of electromagnetic coupling of the first rotor with the second rotor in the first motor and regulating 
the rotation of the second rotor relative to the first rotor; a second motor connected with the output shaft of engine; a 
second motor-driving circuit for driving and controlling the second motor; storage battery means connected with the first 
motor-driving circuit and the second motor-driving circuit, the storage battery means being charged with electric power 
and discharged to release electric power via the first motor-driving circuit and the second motor -driving circuit; power- 
consuming means electrically connected with the first motor-driving circuit and the second motor-driving circuit, the 
power-consuming means consuming at least part of the electric power regenerated via at least one of the first motor- 
driving circuit and the second motor-driving circuit; output state detecting means for detecting an output state of the 
power to the drive shaft by the engine, the first motor, and the second motor; and electric power control means for, when 
the output state of the power detected by the output state detecting means is accompanied by a process of charging 
the storage battery means with electric power that is greater than a predetermined electric power, controlling the first 
motor-driving circuit, the second motor-driving circuit, and the power-consuming means, in order to supply the prede- 
termined electric power to the storage battery means which is thereby charged with the supplied electric power, while 
supplying a surplus power to the power-consuming means. 

Even when the predetermined output state of the power, which is accompanied with the process of charging the 
storage battery means with excess electric power, occurs, the sixth power output apparatus according to the present 
invention supplies surplus electric power to the power-consuming means for consumption. This structure effectively 
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prevents the storage battery means from being damaged by excessive charging, and avoids an undesirable state that 
can not output the power due to a full charge of the storage battery means. 

In accordance with one aspect of the sixth power output apparatus of the present invention, the first motor and the 
second motor are constructed as a complex motor that comprises a third rotor connected with the output shaft of the 
engine a feu* rotor connected with the drive shaft to be coaxial to and rotatable relative to the third rotor and a stator 
for rotating the fourth rotor, the third rotor and the fourth rotor constituting the first motor comprising the first rotor and 
the second rotor whereas the third rotor and the stator constituting the second motor. The integral structure of the first 
motor and the second motor reduces the size of the whole power output apparatus 

The present invention is further directed to a seventh power output apparatus mounted on a vehicle for outputting 
power to a dnve shaft of the vehicle. The seventh power output apparatus comprises: an engine having an outoufshaft 
eng.nfrdriv.ng means for driving the engine; a first motor comprising a first rotor connected with the output shaft of the 
f!r2'r n lT?h a o ? T* ra " neded wi,h the drive shaft - sea** rotor being coaxial to and rotatable relative to the 
H?J I u Se r0t ° rS be ' ng e'ectromagnetically connected with each other, whereby power is transmit- 

ted between the output shaft of the engine and the drive shaft via an electromagnetic coupling of the first rotor with the 
second rotor; a first motor-driving circuit for controlling the degree of electromagnetic coupling of the first rotor with the 
second rotor in the first motor and regulating the rotation of the second rotor relative to the first rotor; a second motor 
connected with the drive shaft; a second motor-driving circuit for driving and controlling the second motor- storage bat- 
tery means connected with the first motor-driving circuit and the second motor-driving circuit, the storage battery means 
being charged w.th electric power and discharged to release electric power via thefirst motor-driving circuit and the see- 
the Z ;T?r CUi ! ; 0UtP ? u ate deteCtiP9 meanS for de,ecting an outout state of the P™er to the drive shaft by 
the engine, the first motor, and the second motor; and power control means for, when the output state of the power 
detected by the output state detecting means is accompanied by a process of charging the storage battery means with 

?T f T r 9 : eatSr 3 P redetermined e,e ^ W strolling the engine via the Ingine-dLTng means 
and controlling the f.rst motor and the second motor via the first motor-driving circuit and the second motor-drying cir 

T» hll Chang l the : outout state of the P° wer t0 a ^cif* state accompanied by a process of charging the stor- 
lVuTtL7Z\"l POW6r 9reat6r than P redetermined e 'ectric P™er. -thout varying the power 

When the predetermined output state of the power, which is accompanied with the process of charging the storage 
battery means with excess electric power, occurs, the seventh power output apparatus according to the present inven- 
ts hX 9eS ° UtP r! S ! atS ° f thS POW6r t0 3 SPeCifiC StatS WhiCh is by the process of changing the stor- 
age battery means wth electric power that is not greater than the chargeable level, without varying the power output to 
the drive shaft. Th.s structure effectively prevents the storage battery means from being damaged by excessive charg- 
mg and avo.ds an undesirable state that can not output the power due to a full charge of the storage battery means 

TSivpTrM f ?„ n9 ' ne S °T* t0 ,he dHve Shaft Via the firSt m0tor ' the P° wer of ,he second ™tor is output to 
V the 1 required ^ is su PP |ied «o the drive shaft by both the engine and the second motor Com- 
pared w,th the conventional structure wherein only the second motor supplies the required power to the drive shaft the 
structure of the present invention can reduce the size of the second motor. Part or all of the electric power required bv 
the second motor ,s compensated by the electric power regenerated by the first motor. This structure reduces the size 
of the storage battery means, compared with the conventional structure wherein all the required electric power depends 
upon the storage battery means. H 

^'""^ with one as P ect of the sev enth power output apparatus of the present invention, the power control 
means further comprises means for controlling the engine via the engine-driving means, in order to decrease a revolv- 
ing speed of the output shaft without varying a torque output from the engine to the output shaft of the engine This 

a „H !h aCCOrdance 4 with ano,ner as Pect of the seventh power output apparatus of the present invention, the first motor 
and the second motor are constructed as a complex motor that comprises a third rotor connected with the output shaft 
a i!nTTr^5 U T r ° 10r f C ° nneCted with the drive shaft t0 be ^axial to and rotatable relative to the third rotor, and 
fnSf LTh 9 h e /° Urt K r ° t0r ' <he third r ° ,0r and the f0Urth rot0r ^Muting the first motor comprising the first 
rotor and the second rotor whereas the fourth rotor and the stator constituting the second motor. The integral structure 
of the first motor and the second motor reduces the size of the whole power output apparatus 

The present invention is further directed to a eighth power output apparatus mounted on a vehicle for outputting 
power to a drive shaft of the vehicle. The seventh power output apparatus comprises: an engine having an output shaft 
engine-dr.vmg means for driving the engine; a first motor comprising a first rotor connected with the output shaft of the 
engine and a second rotor connected with the drive shaft, the second rotor being coaxial to and rotatable relative to the 
list ro or. the first and second rotors being elect, omagnetically connected with each other, whereby power is transmit- 
ted between the output shaft of the engine and the drive shaft via an electromagnetic coupling of the first rotor with the 
second rotor; a first motor-driving circuit for controlling the degree of electromagnetic coupling of the first rotor with the 
second rotor ,n the f.rst motor and regulating the rotation of the second rotor relative to the first rotor; a second motor 
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connected with the output shaft of the engine; a second motor-driving circuit for driving and controlling the second 
motor; storage battery means connected with the first motor-driving circuit and the second motor-driving circuit the 
storage battery means being charged with electric power and discharged to release electric power via the first motor- 
driving circuit and the second motor-driving circuit; output state detecting means for detecting an output state of the 
power to the drive shaft by the engine, the first motor, and the second motor; and power control means for when the 
output state of the power detected by the output state detecting means is accompanied by a process of charging the 
storage battery means with electric power that is greater than a predetermined electric power, controlling the engine via 
the engine-driving means and controlling the first motor and the second motor via the first motor-driving circuit and the 
second motor-driving circuit, in order to change the output state of the power to a specific state accompanied by a proc- 
ess of charging the storage battery means with electric power not greater than the predetermined electric power with- 
out varying the power output to the drive shaft. 

When the predetermined output state of the power, which is accompanied with the process of charging the storage 
battery means with excess electric power, occurs, the seventh power output apparatus according to the present inven- 
tion changes the output state of the power to a specific state which is accompanied by the process of charging the stor- 
age battery means with electric power that is not greater than the chargeable level, without varying the power output to 
the drive shaft. This structure effectively prevents the storage battery means from being damaged by excessive charg- 
ing, and avoids an undesirable state that can not output the power due to a full charge of the storage battery means 

In accordance with one aspect of the eighth power output apparatus of the present invention, the first motor and 
the second motor are constructed as a complex motor that comprises a third rotor connected with the output shaft of 
the engine, a fourth rotor connected with the drive shaft to be coaxial to and rotatable relative to the third rotor and a 
stator for rotating the fourth rotor, the third rotor and the fourth rotor constituting the first motor comprising the first rotor 
and the second rotor whereas the third rotor and the stator constituting the second motor. The integral structure of the 
first motor and the second motor reduces the size of the whole power output apparatus. 

At least part of the above objects is also realized by a first method of controlling a power output apparatus mounted 
on a vehicle for outputtmg power to a drive shaft. The first method comprises the steps of: (a) providing an engine hav- 
ing an output shaft; a first motor comprising a first rotor connected with the output shaft of the engine and a second rotor 
connected with the drive shaft, the second rotor being coaxial to and rotatable relative to the first rotor the first and sec- 
ond rotors being electromagnetically connected with each other, whereby power is transmitted between the output shaft 
of the engine and the drive shaft via an electromagnetic coupling of the first rotor with the second rotor- a second motor 
connected with the drive shaft; and storage battery means being charged with electric power and discharged to release 
electric power by the first motor and the second motor; (b) detecting a running state of the vehicle; (c) predicting an out- 
put state of the power to the drive shaft corresponding to a predetermined output state based on the running state of 
the vehicle detected in the step (b), the predetermined output state representing the output state accompanied by a 
process of charging the storage battery means with electric power that is equal to or greater than a predetermined elec- 
tric power; and (d) controlling the engine, the first motor, and the second motor, so as to allow the storage battery 
means to be charged at least with the predetermined electric power, when the predetermined output state is expected 
in the step (c). 

In the first method of the present invention, when the predetermined output state of the power to the drive shaft 
which is accompanied by a process of charging the storage battery means with electric power that is equal to or greater 
than a predetermined electric power, is expected, the control is carried out to allow the storage battery means to be 
charged at least with the predetermined electric power. This structure effectively prevents the storage battery means 
from being damaged by excessive charging, and avoids an undesirable state that can not output the power due to a full 
charge of the storage battery means. While the power of the engine is output to the drive shaft via the first motor the 
power of the second motor is output to the drive shaft. Namely the required power is supplied to the drive shaft by both 
the engine and the second motor. Compared with the conventional structure wherein only the second motor supplies 
the required power to the drive shaft, the structure of the present invention can reduce the size of the second motor 
Part or all of the electric power required by the second motor is compensated by the electric power regenerated by the 
first motor. This structure reduces the size of the storage battery means, compared with the conventional structure 
wherein all the required electric power depends upon the storage battery means. 

The present invention is further directed to a second method of controlling a power output apparatus mounted on 
a vehicle for outputting power to a drive shaft, the second method comprises the steps of: (a) providing an engine hav- 
ing an output shaft; a first motor comprising a first rotor connected with the output shaft of the engine and a second rotor 
connected with the drive shaft, the second rotor being coaxial to and rotatable relative to the first rotor the first and sec- 
ond rotors being electromagnetically connected with each other, whereby power is transmitted between the output shaft 
of the engine and the drive shaft via an electromagnetic coupling of the first rotor with the second rotor a second motor 
connected with the drive shaft; and storage battery means being charged with electric power and discharged to release 
electric power by the first motor and the second motor; (b) detecting a current position and a running direction of the 
vehicle in relation to map information; (c) predicting an output state of the power to the drive shaft corresponding a pre- 
determined output state based on the current position and the running direction of the vehicle detected in relation to the 
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map information in the step (b), the predetermined output state representing the output state accompanied by a proc- 
ess of charging the storage battery means with electric power that is equal to or greater than a predetermined electric 
power; and (d) controlling the engine, the first motor, and the second motor, so as to allow the storage battery means 
to be charged at least with the predetermined electric power, when the predetermined output state is expected in the 
step (c). 

In the second method of the present invention, when the predetermined output state of the power to the drive shaft 
which is accompanied by a process of charging the storage battery means with electric power that is equal to or greater 
than a predetermined electric power, is expected, the control is carried out to allow the storage battery means to be 
charged at least with the predetermined electric power. This structure effectively prevents the storage battery means 
from being damaged by excessive charging, and avoids an undesirable state that can not output the power due to a full 
charge of the storage battery means. The prediction of the running state of the vehicle is carried out, based on the cur- 
rent position and the running direction of the vehicle as well as the map information. This enables the output state of 
the power accompanied by the process of charging the storage battery means with excess electric power to be more 
accurately and readily predicted. While the power of the engine is output to the drive shaft via the first motor, the power 
of the second motor is output to the drive shaft. Namely the required power is supplied to the drive shaft by both the 
engine and the second motor. Compared with the conventional structure wherein only the second motor supplies the 
required power to the drive shaft, the structure of the present invention can reduce the size of the second motor. Part 
or all of the electric power required by the second motor is compensated by the electric power regenerated by the first 
motor. This structure reduces the size of the storage battery means, compared with the conventional structure wherein 
all the required electric power depends upon the storage battery means. 

The present invention is further directed to a third method of controlling a power output apparatus mounted on a 
vehicle for outputting power to a drive shaft, the third method comprises the steps of: (a) providing an engine having an 
output shaft; a first motor comprising a first rotor connected with the output shaft of the engine and a second rotor con- 
nected with the drive shaft, the second rotor being coaxial to and rotatable relative to the first rotor, the first and second 
rotors being electromagnetically connected with each other, whereby power is transmitted between the output shaft of 
the engine and the drive shaft via an electromagnetic coupling of the first rotor with the second rotor; a second motor 
connected with the drive shaft; storage battery means being charged with electric power and discharged to release 
electric power by the first motor and the second motor; and power-consuming means that can consume electric power 
(b) detecting an output state of the power to the drive shaft by the engine, the first motor, and the second motor; and (c) 
controlling the first motor, the second motor, and the power-consuming means, when the output state of the power 
detected in the step (b) is accompanied by a process of charging the storage battery means with electric power that is 
equal to or greater than a predetermined electric power, in order to supply the predetermined electric power to the stor- 
age battery means which is thereby charged with the supplied electric power, while supplying a surplus power to the 
power-consuming means. 

Even when the predetermined output state of the power, which is accompanied with the process of charging the 
storage battery means with excess electric power, occurs, the third method according to the present invention supplies 
surplus electric power to the power-consuming means for consumption. This structure effectively prevents the storage 
battery means from being damaged by excessive charging, and avoids an undesirable state that can not output the 
power due to a full charge of the storage battery means. While the power of the engine is output to the drive shaft via 
the first motor, the power of the second motor is output to the drive shaft. Namely the required power is supplied to the 
drive shaft by both the engine and the second motor. Compared with the conventional structure wherein only the sec- 
ond motor supplies the required power to the drive shaft, the structure of the present invention can reduce the size of 
the second motor. Part or all of the electric power required by the second motor is compensated by the electric power 
regenerated by the first motor. This structure reduces the size of the storage battery means, compared with the conven- 
tional structure wherein all the required electric power depends upon the storage battery means. 

The present invention is further directed to a fourth method of controlling a power output apparatus mounted on a 
vehicle for outputting power to a drive shaft, the fourth method comprises the steps of: (a) providing an engine having 
an output shaft; a first motor comprising a first rotor connected with the output shaft of the engine and a second rotor 
connected with the drive shaft, the second rotor being coaxial to and rotatable relative to the first rotor, the first and sec- 
ond rotors being electromagnetically connected with each other, whereby power is transmitted between the output shaft 
of the engine and the drive shaft via an electromagnetic coupling of the first rotor with the second rotor; a second motor 
connected with the drive shaft; and storage battery means being charged with electric power and discharged to release 
electric power by the first motor and the second motor; (b) detecting an output state of the power to the drive shaft by 
the engine, the first motor, and the second motor; and (c) controlling the engine, the first motor, and the second motor 
when the output state of the power detected in the step (b) is accompanied by a process of charging the storage battery 
means with electric power that is equal to or greater than a predetermined electric power, in order to change the output 
state of the power to a specific state accompanied by a process of charging the storage battery means with electric 
power not greater than the predetermined electric power, without varying the power output to the drive shaft. 

When the predetermined output state of the power, which is accompanied with the process of charging the storage 
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battery means w.th excess electric power, occurs, the fourth method according to the present invention changes the 
output state of the power to a specific state which is accompanied by the process of charging the storage battery means 
with electnc power that is not greater than the chargeable level, without varying the power output to the drive shaft This 
structure effectively prevents the storage battery means from being damaged by excessive charging, and avoids an 
undesirable state that can not output the power due to a full charge of the storage battery means. While the power of 
the engine is output to the drive shaft via the first motor, the power of the second motor is output to the drive shaft 
Namely the required power is supplied to the drive shaft by both the engine and the second motor. Compared with the 
conventional structure wherein only the second motor supplies the required power to the drive shaft, the structure of the 
present invention can reduce the size of the second motor Part or all of the electric power required by the second motor 
is compensated by the electric power regenerated by the first motor. This structure reduces the size of the storaqe bat- 
batteTymins mP3red ^ ^ C ° nventi0nal structure wherein a" *e required electric power depends upon the storage 

These and other objects, features, aspects, and advantages of the present invention will become more apparent 
from the following detailed description of the preferred embodiments with the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a schematic view illustrating structure of a power output apparatus 20 as a first embodiment accordino. to 
the present invention; B 

Fig^2 is a cross sectional view illustrating detailed structures of a clutch motor 30 and an assist motor 40 included 
in the power output apparatus 20 of Fig. 1 ; 

Fig. 3 is a schematic view illustrating general structure of a vehicle with the power output apparatus 20 of Fia 1 
incorporated therein; y 
Fig. 4 is a graph showing the operation principle of the power output apparatus 20; 

Figs. 5 through 7 are flowcharts showing a torque control routine executed by the control CPU 90 of the controller 

80; 

Fig. 8 shows an exemplified relationship between the output energy Pd, the target engine torque Te* and the taraet 
engine speed Ne*; * y 

Fig. 9 is a flowchart showing a fundamental procedure of controlling the clutch motor 30 executed by the controller 
80; 

Fig. 1 0 is a flowchart showing a fundamental procedure of controlling the assist motor 40 executed by the controller 

80; 

Fig. 1 1 is a graph showing the chargeable electric power plotted against the remaining charge BRM of the battery 
Fig. 12 shows the state of energy at the respective driving points of the engine 50; 

Fig. 13 schematically shows structure of another power output apparatus 20A as a modification of the power outout 
apparatus 20 of the first embodiment; w V m 

Fig. 14 schematically shows structure of still another power output apparatus 20B as another modification of the 
power output apparatus 20 of the first embodiment; 

Fig. 15 schematically shows structure of another power output apparatus 20C as still another modification of the 
power output apparatus 20 of the first embodiment; 

Fig. 16 schematically shows structure of another power output apparatus 20D as another modification of the power 
output apparatus 20 of the first embodiment; 

Fig. 17 schematically shows structure of still another power output apparatus 20E as another modification of the 
power output apparatus 20 of the first embodiment; 

Fig. 18 schematically shows structure of another power output apparatus 20F as still another modification of the 
power output apparatus 20 of the first embodiment; 

Fig. 19 schematically illustrates general structure of a vehicle with a power output apparatus 20G of a second 
embodiment incorporated therein. 

Figs. 20 through 22 are flowcharts showing a torque control routine executed by the control CPU 90 of the controller 
80 in the second embodiment; 

Fig. 23 schematically illustrates general structure of a vehicle with a power output apparatus 20H of a third embod- 
iment incorporated therein. 

Figs. 24 and 25 are flowcharts showing a torque control routine executed by the control CPU 90 of the controller 80 
in the third embodiment; 

Fig. 26 is a flowchart showing a large-power charging prediction routine executed by the control CPU 90 of the con- 
troller 80 in the third embodiment; 

Fig. 27 is a flowchart showing another large-power charging prediction routine; 

Fig. 28 schematically illustrates general structure of a vehicle with a power output apparatus 20J, which is a modi- 
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fication of the third embodiment, incorporated therein ; 

Fig. 29 shows positions of a front altimeter 132 and a rear altimeter 134 in a vehicle 130 ha. 
apparatus 20J of Fig. 28 mounted thereon; 

Fig. 30 is a flowchart showing a large-power charging prediction routine executed by the dc= 
20J; and 

Fig. 31 shows an exemplified structure when the essential structure of the power output ap- 
embodiment shown in Fig. 1 is applied to the vehicle with a four-wheel drive 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Modes of carrying out the present invention are described hereafter as preferred embodim- 
matic v.ew illustrating structure of a power output apparatus 20 as a first embodiment according 
tion; Fig. 2 is a cross sectional view illustrating detailed structures of a clutch motor 30 and an as- 
in the power output apparatus 20 of Fig. 1 ; and Fig. 3 is a schematic view illustrating general strL* 
the power output apparatus 20 of Fig. 1 incorporated therein. The general structure of the vehicl 
the convenience of description. 

Referring to Fig. 3. the vehicle is provided with an engine 50 driven by gasoline as a power so 
ram an a.r supply system via a throttle valve 66 is mixed with fuel, that is, gasoline in this emboc* 
fuel injection valve 51. The air/fuel mixture is supplied into a combustion chamber 52 to be e= 
burned. Linear motion of a piston 54 pressed down by the explosion of the air/fuel mixture is c= 
mot.on of a crankshaft 56. The throttle valve 66 is driven to open and close by an actuator 68 Ar- 
verts a h.gh voltage applied from an igniter 58 via a distributor 60 to a spark, which explosively 
the air/luel mixture. 

Operation of the engine 50 is controlled by an electronic control unit (hereinafter referred tc= 
EFIECU 70 receives information from various sensors, which detect operating conditions of the <= 
sors include a throttle position sensor 67 for detecting a valve travel or position BP of the throttle 
vacuum sensor 72 for measuring a load applied to the engine 50. a water temperature sensor 74 fm 
perature of cooling water in the engine 50. and a speed sensor 76 and an angle sensor 78 mou. 
60 for measunng the revolving speed (the number of revolutions per a predetermined time peri- 
angle of the crankshaft 56. A starter switch 79 for detecting a starting condition ST of an ignition k= 
connected to the EFIECU 70. Other sensors and switches connecting with the EFIECU 70 are orr- 
tion. 

The crankshaft 56 of the engine 50 is linked with a drive shaft 22 via a clutch motor 30 ar- 
(described later in detail). The drive shaft 22 further connects with a differential gear 24 which ex- 
torque output from the drive shaft 22 of the power output apparatus 20 to left and right driving 
clutch motor 30 and the assist motor 40 are driven and controlled by a controller 80. The controller 
nal control CPU and receives inputs from a gearshift position sensor 84 attached to a gearshift £ 
position sensor 65 attached to an accelerator pedal 64. as described later in detail The cor~ 
receives a var.ety of data and information to and from the EFIECU 70 through communication De* 
cedure including a communication protocol will be described later. 

Referring to Fig. 1. the power output apparatus 20 essentially includes the engine 50 for c 
clutch motor 30 with an outer rotor 32 and an inner rotor 34, the assist motor 40 with a rotor 42 ~ 
for driving and controlling the clutch motor 30 and the assist motor 40. The outer rotor 32 of t 
mechanically connected to one end of the crankshaft 56 of the engine 50. whereas the inner rotor 
ically linked with the rotor 42 of the assist motor 40. 

Structures of the clutch motor 30 and the assist motor 40 are described briefly. As shown in F= 
30 is constructed as a synchronous motor having permanent magnets 35 attached to an inner sur- 
32 and three-phase coils 36 wound on slots formed in the inner rotor 34. Power is supplied to the 
via a rotary transformer 38. Laminated sheets of non-directional electromagnetic steel are used t 
for the three-phase coils 36 in the inner rotor 34. A resolver 39 for measuring a rotational angle t> 
is attached to the crankshaft 56. The resolver 39 may also serve as the angle sensor 78 mounted 

The assist motor 40 is also constructed as a synchronous motor having three-phase coils Am 
a stator 43 fixed to a casing 45 to generate a revolving magnetic field. The stator 43 is also mac* 
of non-directional electromagnetic steel. A plurality of permanent magnets 46 are attached to a 
rotor 42. In the assist motor 40. interaction between a magnetic field formed by the permanent ma - 
ing magnetic field formed by the three-phase coils 44 results in rotations of the rotor 42 The rol 
linked with the drive shaft 22 working as the torque output shaft of the power output apparatus, 
measuring a rotational angle Od of the drive shaft 22 is attached to the drive shaft 22 which is f 
bearing 49 held in the casing 45. 
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fication of the third embodiment, incorporated therein ; 

Fig. 29 shows positions of a front altimeter 132 and a rear altimeter 134 in a vehicle 130 having the power output 
apparatus 20J of Fig. 28 mounted thereon; M 

Fig 30 is a flowchart showing a large-power charging prediction routine executed by the power output apparatus 

20 J; and 

Fig^31 shows an exemplified structure when the essential structure of the power output apparatus 20 of the first 
embodiment shown in Fig. 1 is applied to the vehicle with a four-wheel drive 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Modes of carrying out the present invention are described hereafter as preferred embodiments. Fig. 1 is a sche- 
mata view illustrating structure of a power output apparatus 20 as a first embodiment according to the present inven- 
tion. F.g. 2 is a cross sectional view illustrating detailed structures of a clutch motor 30 and an assist motor 40 included 
in the power output apparatus 20 of Fig. 1 ; and Fig. 3 is a schematic view illustrating general structure of a vehicle with 
he power output apparatus 20 of Fig. 1 incorporated therein. The general structure of the vehicle is described first for 
the convenience of description. 

Referring to Fig. 3. the vehicle is provided with an engine 50 driven by gasoline as a power source. The air ingested 
from an a,r supply system via a throttle valve 66 is mixed with fuel, that is, gasoline in this embodiment, injected from a 
fuel injection valve 51. The air/fuel mixture is supplied into a combustion chamber 52 to be explosively ignited and 
burned. Linear motion of a piston 54 pressed down by the explosion of the air/fuel mixture is converted to rotational 
mo .on of a crankshaft 56. The throttle valve 66 is driven to open and close by an actuator 68. An ignition plug 62 con- 
the" Jftui mixS 6 aPP ' ied fr ° m an i9nit6r 58 8 diStributor 60 t0 a sparK which explosively ignites and combusts 

cc ,i^? rati0n ° f th8 en9 ' ne 50 ' S controlled b y an electronic control unit (hereinafter referred to as EFIECU) 70 The 
EFIECU 70 receives information from various sensors, which detect operating conditions of the engine 50 These sen- 
sors include a throttle position sensor 67 for detecting a valve travel or position BP of the throttle valve 66 a manifold 
vacuum sensor 72 for measuring a load applied to the engine 50. a water temperature sensor 74 for measuring the tem- 
perature of cooling water in the engine 50. and a speed sensor 76 and an angle sensor 78 mounted on the distributor 
60 for measuring the revolving speed (the number of revolutions per a predetermined time period) and the rotational 

c^ i^h^rprn 7 i ■* Bh 79 f ° r d6teCtin9 3 Startin9 COnditi ° n ST of an ke * < not show ") * also 

connected to the EFIECU 70. Other sensors and switches connecting with the EFIECU 70 are omitted from the illustra- 

,w Th ! *™ nkshaft 56 of ,he en 9 ine 50 ^ «nked with a drive shaft 22 via a clutch motor 30 and an assist motor 40 
(described later .n detail). The drive shaft 22 further connects with a differential gear 24. which eventually transmits the 
torque output from the drive shaft 22 of the power output apparatus 20 to left and right driving wheels 26 and 28 The 
clutch motor 30 and the assist motor 40 are driven and controlled by a controller 80. The controller 80 includes an inter- 
nal control CPU and receives inputs from a gearshift position sensor 84 attached to a gearshift 82 and an accelerator 
position sensor 65 attached to an accelerator pedal 64. as described later in detail. The controller 80 sends and 
receives a variety of data and information to and from the EFIECU 70 through communication. Details of the control pro- 
cedure including a communication protocol will be described later. 

Referring to Fig. 1. the power oulput apparatus 20 essentially includes the engine 50 for generating power the 
clutch motor 30 with an outer rotor 32 and an inner rotor 34, the assist motor 40 with a rotor 42, and the controller 80 
for driving and controlling the clutch motor 30 and the assist motor 40. The outer rotor 32 of the clutch motor 30 is 
mechanically connected to one end of the crankshaft 56 of the engine 50. whereas the inner rotor 34 thereof is mechan- 
ically linked with the rotor 42 of the assist motor 40. 

Structures of the clutch motor 30 and the assist motor 40 are described briefly. As shown in Fig. 1 the clutch motor 
30 is constructed as a synchronous motor having permanent magnets 35 attached to an inner surface of the outer rotor 
32 and three-phase coils 36 wound on slots formed in the inner rotor 34. Power is supplied to the three-phase coils 36 
via a rotary transformer 38. Laminated sheets of non-directional electromagnetic steel are used to form teeth and slots 
for the three-phase coils 36 in the inner rotor 34. A resolver 39 for measuring a rotational angle Be of the crankshaft 56 
is attached to the crankshaft 56. The resolver 39 may also serve as the angle sensor 78 mounted on the distributor 60 

The assist motor 40 is also constructed as a synchronous motor having three-phase coils 44, which are wound on 
a stator 43 fixed to a casing 45 to generate a revolving magnetic field. The stator 43 is also made of laminated sheets 
of non-d,rect,onal electromagnetic steel. A plurality of permanent magnets 46 are attached to an outer surface of the 
rotor 42. In the assist motor 40. interaction between a magnetic field formed by the permanent magnets 46 and a revolv- 
Tl^Ti ? ,0 ' med b/ the three -P hase coils 44 '^Its in rotations of the rotor 42. The rotor 42 is mechanically 
linked with the drive shaft 22 working as the torque output shaft of the power output apparatus 20. A resolver 48 for 
measuring a rotational angle Od of the drive shaft 22 is attached to the drive shaft 22. which is further supported by a 
bearing 49 held in the casing 45. M y 
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The inner rotor 34 of the clutch motor 30 is mechanically linked with the rotor 42 of the assist motor 40 and further 
with the drive shaft 22. The rotation and axial torque of the crankshaft 56 of the engine 50 are accordingly transmitted 
via the outer rotor 32 and the inner rotor 34 of the clutch motor 30 to the drive shaft 22 while the rotation and torque of 
the assist motor 40 are added to or subtracted from the transmitted rotation and torque. 

While the assist motor 40 is constructed as a conventional permanent magnet-type three-phase synchronous 
motor, the clutch motor 30 includes two rotating elements or rotors, that is, the outer rotor 32 with the permanent mag- 
nets 35 mounted thereon and the inner rotor 34 with the three-phase coils 36 attached thereto. The detailed structure 
of the clutch motor 30 is described according to the cross sectional view of Fig. 2. The outer rotor 32 of the clutch motor 
30 is attached to a circumferential end of a wheel 57 set around the crankshaft 56, by means of a pressure pin 59a and 
a screw 59b. A central portion of the wheel 57 is protruded to form a shaft-like element, to which the inner rotor 34 is 
rotatably attached by means of bearings 37A and 37B. One end of the drive shaft 22 is fixed to the inner rotor 34 

A plurality of permanent magnets 35, eight in this embodiment, are attached to the inner surface of the outer rotor 
32 as mentioned previously. The permanent magnets 35 are magnetized in the direction towards the axial center of the 
clutch motor 30 and have magnetic poles of alternately inverted directions. The three-phase coils 36 of the inner rotor 
34 facing to the permanent magnets 35 across a little gap are wound on a total of 12 slots (not shown) formed in the 
inner rotor 34. Supply of electricity to the respective coils forms magnetic fluxes running through the teeth (not shown) 
which separate the slots from one another. Supply of a three-phase alternating current to the respective coils rotates 
this magnetic field. The three-phase coils 36 are connected to receive electric power supplied from the rotary trans- 
former 38. The rotary transformer 38 includes primary windings 38A fixed to the casing 45 and secondary windings 38B 
attached to the drive shaft 22 coupled with the inner rotor 34. Electromagnetic induction enables electric power to be 
transmitted from the primary windings 38A to the secondary windings 38B or vice versa. The rotary transformer 38 has 
windings for the three phases, that is, U, V, and W phases, to allow for the transmission of three-phase electric currents 
Interaction between a magnetic field formed by one adjoining pair of permanent magnets 35 and a revolving mag- 
netic field formed by the three-phase coils 36 of the inner rotor 34 leads to a variety of behaviors of the outer rotor 32 
and the inner rotor 34. The frequency of the three-phase alternating current supplied to the three-phase coils 36 is gen- 
erally equal to a difference between the revolving speed (the number of revolutions per second) of the outer rotor 32 
directly connected to the crankshaft 56 and the revolving speed of the inner rotor 34. This results in a slip between the 
rotations of the outer rotor 32 and the inner rotor 34. Details of the control procedures of the clutch motor 30 and the 
assist motor 40 will be described later, based on the flowcharts. 

As mentioned above, the clutch motor 30 and the assist motor 40 are driven and controlled by the controller 80 
Referring back to Fig. 1 , the controller 80 includes a first driving circuit 91 for driving the clutch motor 30 a second driv- 
ing circuit 92 for driving the assist motor 40. a control CPU 90 for controlling both the first and the second driving circuits 
91 and 92, and a battery 94 including a number of secondary cells. The control CPU 90 is a one-chip microprocessor 
including a RAM 90a used as a working memory a ROM 90b in which various control programs are stored, an input/out- 
put port (not shown), and a serial communication port (not shown) through which data are sent to and received from 
the EFIECU 70. The control CPU 90 receives a variety of data via the input port. The input data include a rotational 
angle Qe of the crankshaft 56 of the engine 50 measured with the resolver 39, a rotational angle 6d of the drive shaft 22 
measured with the resolver 48, an accelerator pedal position AP (step-on amount of the accelerator pedal 64) output 
from the accelerator position sensor 65, a gearshift position SP output from the gearshift position sensor 84 clutch 
motor currents luc and Ivc from two ammeters 95 and 96 disposed in the first driving circuit 91 , assist motor currents 
lua and Iva from two ammeters 97 and 98 disposed in the second driving circuit 92, and a remaining charge BRM of 
the battery 94 measured with a remaining charge meter 99. The remaining charge meter 99 may determine the remain- 
ing charge BRM of the battery 94 by any known method; for example, by measuring the specific gravity of an electrolytic 
solution in the battery 94 or the whole weight of the battery 94, by computing the currents and time of charge and dis- 
charge, or by causing an instantaneous short-circuit between terminals of the battery 94 and measuring an internal 
resistance against the electric current. 

The control CPU 90 outputs a first control signal SW1 for driving six transistors Tr1 through Tr6 working as switching 
elements of the first driving circuit 91 and a second control signal SW2 for driving six transistors Tr1 1 through Tr1 6 work- 
ing as switching elements of the second driving circuit 92. The six transistors Trl through Tr6 in the first driving circuit 
91 constitute a transistor inverter and are arranged in pairs to work as a source and a drain with respect to a pair of 
power lines L1 and L2. The three-phase coils (U, V, W) 36 of the clutch motor 30 are connected via the rotary transformer 
38 to the respective contacts of the paired transistors. The power lines L1 and L2 are respectively connected to plus 
and minus terminals of the battery 94. The first control signal SW1 output from the control CPU 90 thus successively 
controls the power-on time of the paired transistors Tr1 through Tr6. The electric current flowing through each coil 36 
undergoes PWM (pulse width modulation) to give a quasi-sine wave, which enables the three-phase coils 36 to form a 
revolving magnetic field. 

The six transistors Trl 1 through Tr16 in the second driving circuit 92 also constitute a transistor inverter and are 
arranged in the same manner as the transistors Tr1 through Tr6 in the first driving circuit 91. The three-phase coils 
(U, V, W) 44 of the assist motor 40 are connected to the respective contacts of the paired transistors. The second control 
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signal SW2 output from the control CPU 90 thus successively controls the power-on time of the paired transistors Tr1 1 
through Tr16. The electric current flowing through each coil 44 undergoes PWM to give a quasi-sine wave, which ena- 
bles the three-phase coils 44 to form a revolving magnetic field. 

The power output apparatus 20 thus constructed works in accordance with the operation principles discussed 
below, especially with the principle of torque conversion. By way of example, it is assumed that the engine 50 driven by 
the EFIECU 70 rotates at a revolving speed Ne that is equal to a predetermined value N1. While the transistors Tr1 
through Tr6 in the first driving circuit 91 are in OFF position, the controller 80 does not supply any electric current to the 
three-phase coils 36 of the clutch motor 30 via the rotary transformer 38. No supply of electric current causes the outer 
rotor;32 of the clutch motor 30 to be electromagnetically disconnected from the inner rotor 34. This results in racing the 
crankshaft 56 of the engine 50. Under the condition that all the transistors Tr1 through Tr6 are in OFF position there is 
no regeneration of energy from the three-phase coils 36, and the engine 50 is kept at an idle. 

As the control CPU 90 of the controller 80 outputs the first control signal SWt to control on and off the transistors 
Tr1 through Tr6 in the first driving circuit 91 , a constant electric current flows through the three-phase coils 36 of the 
clutch motor 30, based on the difference between the revolving speed Ne of the crankshaft 56 of the engine 50 and a 
revolving speed Nd of the drive shaft 22 (in other words, a difference Nc (= Ne-Nd) between the revolving speed of the 
outer rotor 32 and that of the inner rotor 34 in the clutch motor 30). A certain slip accordingly exists between the outer 
rotor 32 and the inner rotor 34 connected with each other in the clutch motor 30. At this moment, the inner rotor 34 
rotates at the revolving speed Nd, which is lower than the revolving speed Ne of the engine 50 (revolving speed of the 
crankshaft 56). In this state, the clutch motor 30 functions as a generator, that is, carries out the regenerative operation 
to regenerate an electric current via the first driving circuit 91 and charges the battery 94 with the electric power thus 
regenerated. In order to allow the assist motor 40 to consume energy identical with the electrical energy regenerated 
by the clutch motor 30, the control CPU 90 controls on and off the transistors Trl 1 through Tr16 in the second driving 
circuit 92. The on-off control of the transistors Tr1 1 through Trl6 enables an electric current to flow through the three- 
phase coils 44 of the assist motor 40, and the assist motor 40 consequently carries out the power operation to produce 
a torque. ■• 

Referring to Fig. 4, when the crankshaft 56 is driven at a revolving speed N1 and with a torque T1 , the clutch motor 
30 carries out the regenerative operation to produce energy defined by an area G1 . The energy of the area G1 is sup- 
plied to the assist motor 40, so as to rotate the drive shaft 22 at a revolving speed Nd=N2 with a torque Td=T2 The 
torque conversion is carried out in the manner discussed above, and the energy corresponding to the slip in the clutch 
motor 30 or the positive revolving speed difference Nc (= Ne-Nd) is consequently given as a torque to the drive shaft 

In accordance with another example, it is assumed that the engine 50 is driven at the revolving speed Ne equal to 
a value N2 and with the torque Te equal to a value T2, while the drive shaft 22 is rotated at a revolving speed N1 which 
is greater than the revolving speed N2. In this state, the inner rotor 34 of the clutch motor 30 rotates relative to the outer 
rotor 32 in the direction of rotation of the drive shaft 22 at a revolving speed defined by the absolute value of the revolv- 
ing speed difference Nc (= Ne-Nd) . The clutch motor 30 accordingly functions as a normal motor and consumes elec- 
tric power supplied from the battery 94 to give the energy of rotational motion to the drive shaft 22. When the control 
CPU 90 of the controller 80 controls the second driving circuit 92 to enable the assist motor 40 to regenerate electrical 
energy, a slip between the rotor 42 and the stator 43 of the assist motor 40 makes the regenerative current How through 
the three-phase coils 44. In order to allow the clutch motor 30 to consume the electric power regenerated by the assist 
motor 40, the control CPU 90 controls both the first driving circuit 91 and the second driving circuit 92. This enables the 
clutch motor 30 to be driven without using electric power stored in the battery 94. 

Referring back to Fig. 4, when the crankshaft 56 is driven at a revolving speed Ne=N2 and with a torque Te=T2 
the assist motor 40 regenerates energy corresponding to the sum of areas G2 and G3. The energy of the areas G2 and 
G3 is supplied to the clutch motor 30, so as to rotate the drive shaft 22 at the revolving speed Nd=N1 and with the 
torque Td=T1 . 

Other than the torque conversion discussed above, the power output apparatus 20 of the embodiment can charge 
the battery 94 with an excess of electrical energy or discharge the battery 94 to supplement the electrical energy This 
is implemented by controlling the output energy from the engine 50 (that is, the product of the torque Te and the revolv- 
ing speed Ne), the electrical energy regenerated or consumed by the clutch motor 30, and the electrical energy con- 
sumed or regenerated by the assist motor 40. The output energy from the engine 50 can thus be transmitted as the 
power to the drive shaft 22 with a higher efficiency. 

The following describes a typical procedure of such torque conversion carried out according to a torque control rou- 
tine shown in the flowcharts of Figs. 5 through 7. When the program enters the torque control routine of Fig. 5, the con- 
trol CPU 90 of the controller 80 first receives data of revolving speed Nd of the drive shaft 22 at step S1 00. The revolving 
speed Nd of the drive shaft 22 can be computed from the rotational angle 0d of the drive shaft 22 read from the resolver 
48. At subsequent step S102, the control CPU 90 reads the accelerator pedal position AP detected with the accelerator 
position sensor 65. The driver steps on the accelerator pedal 64 when feeling insufficiency of output torque. The value 
of the accelerator pedal position AP accordingly represents the desired output torque (that is. desired torque of the drive 
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shaft 22) which the dr.ver requires. The program then goes to step S104 at which the control CPU 90 obtains an output 
torque command value Td* corresponding to the input accelerator pedal position AP. In this embodiment output torque 
command values Td* corresponding to the respective accelerator pedal positions AP have been set in advance In 
response to an input of the accelerator pedal position AP. the control CPU 90 reads out the output torque command 
value Td corresponding to the input accelerator pedal position AP. 

At step S106. an amount of energy Pd to be output to the drive shaft 22 is calculated from the output torque com- 
mand value Td" obtained at step S1 04 and the input revolving speed Nd of the drive shaft 22 according to the equation 
of Pd = Td xNd . The program then proceeds to step S108. at which it is determined whether or not the output energy 
Pd is equal to or greater than a minimum output energy Pemin. The minimum output energy Pemin is set as a minimum 
value that can be stably output from the engine 50 with a sufficient efficiency. When the output energy Pd is determined 
to be not less than the minimum output energy Pemin. the program carries out the processing of steps S110 throuah 
S142 shown m i the flowcharts of Figs. 5 and 6. When the output energy Pd is determined to be less than the minimum 
output energy Pemin, on the other hand, the program carries out the processing of steps S150 through S168 shown in 
the flowchart of Fig. 7. The output energy Pd is equal to or greater than the minimum output energy Pemin under the 
normal conditions. The following thus describes first the processing under the condition that Pd is not less than Pemin 
and then the processing under the condition that Pd is less than Pemin. 

e « J^u 8 " <he ° UtpUt energy Pd iS determined to be equal to or greater than the minimum output energy Pemin at step 
S1 08 the program goes to step S110. at which the control CPU 90 sets a target torque Te* and a target revolving speed 
Ne of the engine 50. It is here assumed that all the required energy Pd to be output to the drive shaft 22 is supplied 
from the engine 50. On this assumption, since the energy supplied from the engine 50 is equal to the product of the 
torque Te and the revolving speed Ne of the engine 50. the relationship between the output energy Pd. the target engine 
torque Te'. and the target engine speed Ne' can be expressed as Pd = Te *x Ne* . There are. however, numerous com- 
binations of the target engine torque Te* and the target engine speed Ne* satisfying the above relationship In this 
embodiment, a favorable combination of the target torque Te* and the target revolving speed Ne* of the engine 50 is set 
in the following manner, in order to enable the engine 50 to be driven at a driving point of highest possible efficiency. 

Fig. 8 shows an exemplified relationship between the output energy Pd. the target engine torque Te*. and the target 
engine speed Ne*. which allows the engine 50 to be driven at driving points of highest possible efficiency. The curve A 
in Fig. 8 represents a boundary of an engine-operable range, in which the engine 50 can be driven, and the curve DPL 
represents driving points of the engine 50 with the highest possible efficiency. In the engine-operable range efficiency 
curves, such as curves «1 through «6. can be drawn by successively joining the driving points having the identical effi- 
ciency. The curve DPL is obtained by joining the ridges of these efficiency curves with one another The energy Pd to 
be output from the engine 50 is defined as the product of the engine torque Te and the engine speed Ne and can thus 
be given as the curve Pd of constant output energy in Fig. 8. With respect to a known output energy Pd the target 
torque Te* and the target revolving speed Ne* of the engine 50 can be determined as a driving point at the intersection 
of the curve Pd of constant output energy and the curve DPL. In this embodiment, such a relationship between the out- 
put energy Pd. the target engine torque Te*. and the target engine speed Ne* is stored in advance as a map in the ROM 
90b. The target engine torque Te* and the target engine speed Ne' corresponding to the calculated output energy Pd 
are then read from the map. yy 

At subsequent step S1 12, the output torque command value Td* obtained at step S104 is compared with the sum 
of the target torque Te* of the engine 50 and a maximum torque Tamax that can be output from the assist motor 40 The 
sum of the targel engine torque Te* and the maximum torque Tamax represents a maximum torque that can be output 
to the drive shaft 22 when the engine 50 is driven with the target torque Te*. This is ascribed to the following The max- 
imum torque that can be output to the drive shaft 22 is generally expressed as the sum of the torque Tc of the clutch 
motor 30 and the maximum torque Tamax. The torque Tc of the clutch motor 30 is, however, identical with the loadina 
torque Te of the engine 50 and is set equal to the target engine torque Te* (Tc = Te*) , in order to drive the engine 50 
with the target engine torque Te*. The processing of step S1 12 accordingly determines whether or not the output torque 
Td which the driver desires to be transmitted to the drive shaft 22 is within a possible output range from the engine 50 
that is driven at a specific driving point set corresponding to the output torque Td* by the relationship of Fig 8 

When the output torque command value Td" is equal to or smaller than the sum of the target engine torque Te* and 
the maximum torque Tamax at step Si 12. the program proceeds to step Si 14, at which the difference obtained by sub- 
tracting the target engine torque Te* from the output torque command value Td* is set as a torque command value Ta- 
ct the assist motor 40, and then to step S1 16. at which the target torque Te* of the engine 50 is set as a torque com- 
mand value Tc* of the clutch motor 30. The torque command value Tc* of the clutch motor 30 is set equal to the target 
torque Te* of the engine 50. because the torque Tc of the clutch motor 30 is identical with the loading torque Te of the 
engine 50 as mentioned previously. The processing carried out when the output torque command value Td* is greater 
than the sum of the target engine torque Te* and the maximum torque Tamax at step S1 12 will be described later 

After setting the target torque Te* and the target revolving speed Ne* of the engine 50 and the torque command 
values Tc* and Ta* of the clutch motor 30 and the assist motor 40. the program proceeds to steps S1 18 S120 and 
S1 22 to control the clutch motor 30, the assist motor 40. and the engine 50. As a matter of convenience of illustration 
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he control operations of the clutch motor 30, the assist motor 40, and the engine 50 are shown as separate steps In 
the actual procedure, however, these control operations are comprehensively carried out in parallel By way of example 
the control CPU 90 simultaneously controls the clutch motor 30 and the assist motor 40 by utilizing an interrupting proc^ 
ess, while transmitting an instruction to the EFIECU 70 through communication in order to allow the EFIECU 70 to con- 
trol the engine 50 concurrently. 

Fig. 9 is a flowchart showing details of the control process of the clutch motor 30 executed at step Si 18 in the flow- 
chart of Fig. 5. When the program enters the clutch motor control routine, the control CPU 90 of the controller 80 first 
reads the 'rotational angle ed of the drive shaft 22 from the resolver 48 at step S170 and the rotational angle ee of the 
crankshaft 56 of the engine 50 from the resolver 39 at step S1 72. The control CPU 90 then calculates a electrical angle 
6c of he clutch motor 30 by the equation of 6c= 4(6e-9d) at step S1 74. 

The program proceeds to step S176. at which the control CPU 90 reads the clutch motor currents luc and Ivc 
which respectively flow through the U phase and V phase of the three-phase coils 36 in the clutch motor 30 and are 
measured with the ammeters 95 and 96. Although the currents naturally flow through all the three phases U V and W 
measurement is required only for the currents passing through the two phases since the sum of the currents 'is 'equal to 
zero. At subsequent step S178, the control CPU 90 executes transformation of coordinates (three-phase to two-phase 
ransformalion) using the values of currents flowing through the three phases obtained at step S176 The transforma- 
tion of coordinates maps the values of currents flowing through the three phases to the values of currents passing 
g^enbetow" Q ^ permanent ma 9 neH yP e synchronous motor and is executed according to Equations (1) 

r /c fcl ^ 2 r-sin (90-120; sinec-ir/i/cn 

L/oeJ L-cos(9c-120) cos9cJL/vcJ ( 1) 


The transformation of coordinates is carried out because the currents flowing through the d and q axes are essen- 
tial for the torque control in the permanent magnet-type synchronous motor. Alternatively, the torque control may be 
executed directly with the currents flowing through the three phases. After the transformation to the currents of two 
axes, the control CPU 90 computes deviations of currents Idc and Iqc actually flowing through the d and q axes from 
current command values Idc' and Iqc* of the respective axes, which are calculated from the torque command value Tc- 
of the dutch motor 30. and subsequently determines voltage command values Vdc and Vqc with respect to the d and 
q axes at step S180. In accordance with a concrete procedure, the control CPU 90 executes arithmetic operations of 
Equations (2) and Equations (3) given below: 

Aide = Idc*- Idc Alqc = Iqc*- Iqc ( 2 ) 

Vdc = Kp1 • A Idc + Z m - Aide Vqc = Kp2 ■ Alqc + £ KiZ • Alqc (3) 

wherein Kp1 Kp2, Ki 1 . and Ki2 represent coefficients, which are adjusted to be suited to the characteristics of the motor 
applied. Each voltage command value Vdc(Vqc) includes a part in proportion to the deviation Al from the current com- 
mand value I (the first term in the right side of Equation (3)) and a summation of historical data of the deviations Al for 
. times (the second term in the right side). The control CPU 90 then re-transforms the coordinates of the voltage com- 
mand values thus obtained (two-phase to three-phase transformation) at step S182. This corresponds to an inverse of 
the transformation executed at step S178. The inverse transformation determines voltages Vuc Vvc and Vwc actually 
applied to the three-phase coils 36 as expressed by Equations (4) given below: 

[ Vuc ] /? T cos9c -sin9c ir Vdc ] 

IVvcl a/3 Lcos(6c-120) -sin(ec-120)JLl/geJ (4) 
Vwc = -Vuc - Vvc 

The actual voltage control is accomplished by on-off operation of the transistors Tn through Tr6 in the first driving 
circuit 91 . At step S1 84. the on- and off-time of the transistors Trl through Tr6 in the first driving circuit 91 is PWM (pulse 
width modulation) controlled in order to attain the voltage command values Vuc. Vvc, and Vwc determined by Equations 

(4) above. ^ 

The torque command value Tc* is positive when a positive torque is applied to the drive shaft 22 in the direction of 
rotation of the crankshaft 56. By way of example, it is assumed that a positive value is set to the torque command value 
Tc . When the revolving speed Ne of the engine 50 is greater than the revolving speed Nd of the drive shaft 22 on this 
assumption, that is. when the revolving speed difference Nc (= Ne-Nd) is positive, the clutch motor 30 is controlled to 
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carry out the regenerative operation and produce a regenerative current according to the revolving speed difference Nc 
When the revolving speed Ne of the engine 50 is lower than the revolving speed Nd of the drive shaft 22 that is when 
the revolving speed difference Nc (=Ne-Nd) is negative, on the contrary, the clutch motor 30 is controlled to carry out 
the power operation and rotate relative to the crankshaft 56 in the direction of rotation of the drive shaft 22 at a revolving 
speed defined by the absolute value of the revolving speed difference Nc. For the positive torque command value Tc* 
both the regenerative operation and the power operation of the clutch motor 30 implement the identical switching con- 
trol. In accordance with a concrete procedure, the transistors Tr1 through Tr6 of the first driving circuit 91 are controlled 
to enable a positive torque to be applied to the drive shaft 22 by the combination of the magnetic field generated by the 
permanent magnets 35 set on the outer rotor 32 with the revolving magnetic field generated by the currents flowing 
through the three-phase coils 36 mounted on the inner rotor 34 of the clutch motor 30. The identical switching control 
is executed for both the regenerative operation and the power operation of the clutch motor 30 as long as the sign of 
the torque command value Tc* is not changed. The clutch motor control routine of Fig. 9 is thus applicable to both the 
regenerative operation and the power operation. Under the condition of braking the drive shaft 22 or moving the vehicle 
in reverse, the torque command value Tc* has the negative sign. The clutch motor control routine of Fig. 9 is also appli- 
cable to the control procedure under such conditions, when the relative angle 6c obtained at step S1 74 is varied in the 
reverse direction. 

Fig. 10 is a flowchart showing details of the torque control process of the assist motor 40 executed at step S1 20 in 
the flowchart of Fig. 5. When the program enters the assist motor control routine, the control CPU 90 of the controller 
80 first reads the rotational angle 6d of the drive shaft 22 from the resolver 48 at step S190, and calculates a electrical 
angle ea of the assist motor 40 by the equation of ea= 46d at step S191. The control CPU 90 then receives data of 
assist motor currents lua and Iva at step S192. which respectively flow through the U phase and V phase of the three- 
phase coils 44 in the assist motor 40 and are measured with the ammeters 97 and 98. The control CPU 90 then exe- 
cutes transformation of coordinates for the currents of the three phases at step S194, computes voltage command val- 
ues Vda and Vqa at step S1 96, and executes inverse transformation of coordinates for the voltage command values at 
step S198. At subsequent step S1 99, the control CPU 90 determines the on- and off-time of the transistors Trl 1 through 
Tr1 6 .n the second driving circuit 92 for PWM (pulse width modulation) control. The processing executed at steps S194 
through S199 is similar to that executed at steps S178 through Si 84 of the clutch motor control routine shown in the 
flowchart of Fig. 9. 

The torque command value Ta* of the assist motor 40 is determined by subtracting the target torque Te* of the 
engine 50 from the output torque command value Td* at step S1 14 in the flowchart of Fig. 5. It is here assumed that 
the drive shaft 22 is rotated in the direction of rotation of the crankshaft 56 and that the torque command value Ta* of 
the ass.st motor 40 is positive when a positive torque is applied to the drive shaft 22 in the direction of rotation of the 
crankshaft 56. In case that the output torque command value Td* is greater than the target engine torque Te* a positive 
value is set to the torque command value Ta*. so that the assist motor 40 carries out the power operation to accelerate 
the rotation of the drive shaft 22. In case that the output torque command value Td* is smaller than the target engine 
torque Te*. on the contrary, a negative value is set to the torque command value Ta*. so that the assist motor 40 carries 
out the regenerative operation to depress the rotation of the drive shaft 22. Like the control of the clutch motor 30 the 
assist motor control routine of Fig. 10 is thus applicable to both the power operation and the regenerative operation of 
the assist motor 40. This is also true when the drive shaft 22 is rotated in reverse of the rotation of the crankshaft 56 

The control of the engine 50 (step S122 in the flowchart of Fig. 5) is executed in the following manner In order to 
enable the engine 50 to be stationary driven at a driving point defined by the target engine torque Te* and the target 
engine speed Ne* set at step S1 10 in Fig. 5, the control CPU 90 regulates the torque Te and the revolving speed Ne of 
the engine 50. In accordance with a concrete procedure, the control CPU 90 transmits an instruction to the EFIECU 70 
through communication, and the EFIECU 70 increases or decreases the amount of fuel injection from the fuel injection 
valve 51 or the position of the throttle valve 66. so as to make the output torque and the revolving speed of the engine 
50 gradually approach the target engine torque Te* and the target engine speed Ne*. The torque Te of the engine 50 
depends upon the loading torque Tc of the clutch motor 30, which is set equal to the torque command value Tc* by the 
control of the clutch motor 30 carried out at step S1 18 in the flowchart of Fig. 5. This means the torque command value 
Tc* of the clutch motor 30 is equal to the target engine torque Te*. The control procedure of the engine 50 accordingly 
makes the revolving speed of the engine 50 approach the target engine speed Ne*. 

For the clarity of explanation, the processing of steps S1 10 through S122 in the torque control routine of Fig 5 is 
carried out on the assumption of an ideal state where both the clutch motor 30 and the assist motor 40 have efficiencies 
of 1 00%. In case that the efficiencies of the clutch motor 30 and the assist motor 40 are 100%, this processing enables 
the power output from the engine 50 to be converted to a required torque and transmitted to the drive shaft 22 by means 
of the clutch motor 30 and the assist motor 40 as described previously with the drawing of Fig. 4. In the actual state 
however, the clutch motor 30 and the assist motor 40 have efficiencies of less than 100%. The processing of steps Si 10 
through S122 carried out in the power output apparatus with the real motors thus results in decreasing the power output 
to the drive shaft 22 corresponding to the lowered efficiencies of the motors, or alternatively discharging the battery 94 
to supplement the insufficient energy. In order to avoid decreasing the power output to the drive shaft 22 or discharging 
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the battery 94, the target torque Te* and the target revolving speed Ne* of the engine 50 set at 
chart of Fig. 5 should be calculated not from the output energy Pd but from a value obtained 
energy Pd by a transmission efficiency Kt. The transmission efficiency Kt represents an efficien 
motor 30 and the assist motor 40 transmit the power output from the engine 50 to the drive shaft 
ing relationship defined by Equation (5) is used for the calculation. All the description hereinafter i 
tion of an ideal state where the transmission efficiency is 100%, so that the real state in th<= 
apparatus is obtained by multiplying the actual transmission efficiency Kt. 


Pd/Kt = Te* x Ne* 


Referring back to the torque control routine shown in the flowchart -of Fig. 5, when the olj 
value Td* is greater than the sum of the target engine torque Te* and the maximum torque Tamax: 
gram carries out the processing shown in the flowchart of Fig. 6. The flowchart of Fig. 6 shows 1 
out when the output torque Td* which the driver desires to be transmitted to the drive shaft 22 is c 
put range from the engine 50 that is driven at a specific driving point set corresponding to the o« 
relationsh.p of Fig. 8. In this case, the control CPU 90 of the controller 80 first subtracts the maxi 
the assist motor 40 from the output torque command value Td* and sets the difference as a new t 
engine 50 at step S130. The target revolving speed Ne* of the engine 50 corresponding to the r* 
torque Te* is then read from the map of Fig. 8 showing the relationship between the output energ- 
torque Te*, and the target engine speed Ne* at step S132. 

The target engine torque Te" and the target engine speed Ne* newly set at steps Si 30 and 
than those set at step S1 10. In case that the engine 50 is driven at the target engine speed M 
engine torque Te*, the energy Pe output from the engine 50 can thus be made greater than the o i 
the driver desires. In order to allow the battery 94 to be charged with this excess energy at subs. 
CPU 90 subtracts the output energy Pd required to be output to the drive shaft 22 from the ene- 
engine 50 (Pe = Te* x Ne* ) to determine a charging power Pbi for charging the battery 94 The 
then compared with a maximum chargeable power Pbimax at step S136. The maximum charge 
determined depending upon the properties of the battery 94 and its remaining charge BRM B 
relationship between the remaining charge BRM and the chargeable power of the battery 94 is se 
as illustrated in Fig. 11, and the maximum chargeable power Pbimax corresponding to the rerr* 
the battery 94 is read from the preset map. 

When the charging power Pbi is greater than the maximum chargeable power Pbimax at <= 
CPU 90 re-calculates the target engine speed Ne* according to Equation (6) given below in ^ 
energy Pe output from the engine Pe and protect the battery 94 from damages at step S138 Equ- 
target engine speed Ne* that allows the charging power Pbi obtained by subtracting the output 
be output to the drive shaft 22 from the energy Pe output from the engine 50 ( = Te * x Ne* ) to c= 
mum chargeable power Pbimax. 


Ne* = Pd+p P' m ax 
Te* 


The control CPU 90 subsequently sets the torque command value Ta* of the assist motor 40 
torque Tamax at step S140, and sets the torque command value Tc* of the clutch motor 30 eqL- 
Te* of the engine 50 at step S142. After setting the target values and the torque command value 
to the processing of steps S1 1 8 through S122 in the flowchart of Fig. 5 to control the clutch mot- 
40, and the engine 50. 

The state of energy conversion after the processing of Fig. 6 is described in a greater detail F 
of energy at the respective driving points of the engine 50 after the processing of Fig 6 It is h™ 
driver steps on the accelerator pedal 64 to a significant degree during the low-speed driving of tr~ 
a large output torque command value Td*. The drive shaft 22 is rotated at a low revolving speed 
tions, so that the output energy Pd calculated by multiplying the revolving speed Nd by the ol_ 
value Td* takes a small value. The specific driving point of the engine 50 for generating this out« 
as a driving point DP1 in Fig. 12 that is defined by a torque Te1 and a revolving speed Ne2 and e 
section of the curve Pd of constant output energy and the curve DPL representing the driving p: 
with the highest possible efficiency. The driving point DP1 is defined by the target engine tore: 
engine speed Ne* set at step S110 in the flowchart of Fig. 5. 

Since the output torque command value Td* is greater than the sum of the torque Te1 anc 
Tamax, the target engine torque Te* is determined by subtracting the maximum torque Tamax 1 


EP 0 800 951 A1 


Im Tfl * ZVZT T, Z and e target revo,vin9 speed Ne * of the engine 50 set at ste p 8110 »« *• ««- 

»n! I JS . be calculated not from the output energy Pd but from a value obtained by dividing the output 
^aJZSSZTV e ^ ienCy Kt J" 6 transmissi °" *«™™y K * resents an efficiency at which the cffch 
inn rlJL h • ! 40 P0Wer 0Utput ,rom the 50 to the drive sha « 22. Namely the follow- 

ng relat.onsh,p defined by Equat-on (5) is used for the calculation. All the description hereinafter is also on the assumD- 
t.on of an deal state where the transmission efficiency is 100%, so that the real state in the acSal power Zut 
apparatus ,s obtamed by multiplying the actual transmission efficiency Kt. * 

Pd/Kt = Te* x Ne* (5) 

Referring back to the torque control routine shown in the flowchart of Fig. 5, when the output torque command 
value Td* ,s greater than the sum of the target engine torque Te* and the maximum torque Tamax at step S1 1 2 theZ 
gram carnes out the processing shown in the flowchart of Fig. 6. The flowchart of Fig 6 shows the process ng aLX 
out when the output torque Td* which the driver desires to be transmitted to the drive shaft 22 is aZS%!£££ 
SrT e fl T!- 5 ° ^ iS driV6n 34 3 Sp6dfiC dhvin9 P0int set «W*ng to the oSput rJby the 

2225? If fJ S CaS6 ' ^ COntr ° l CPU 90 01 the COntr0 " er 80 firSt subtracts the ma * imum t°«U Tamax ol 
the assist motor 40 from the output torque command value Td* and sets the difference as a new target torque Te* oUhe 
engine 50 at step S130. The target revolving speed Ne' of the engine 50 corresponding to the n!£ seXg2eSe 
torque Te ,s then read from the map of Fig. 8 showing the relationship between the output energy^ the tame So ne 
torque Te*, and the target engine speed Ne* at step SI 32. 9 9 

,h 3 n T ,l!L tar9e ! e . n9 l nS o rqU6 TS " and th6 tar96t en9ine Speed Ne * new| y set at s,e P s S1 30 and S132 are both greater 
than those set at step S1 10. In case that the engine 50 is driven at the target engine speed Ne* and with the ame 
engine torque Te*, the energy Pe output from the engine 50 can thus be made greater than the output ene gy Pd wh?ch 

CPU 90 subtracts I f ^ ^ * * "» «■» ^ at Subs ^ ^31 34 the 

CPU 90 subtracts the output energy Pd required to be output to the drive shaft 22 from the energy Pe output from the 

engme 50 (Pe = Te* * Ne* ) to determine a charging power Pbi for charging the battery 94. The Urging poleTpb is 
then compared w,th a maximum chargeab.e power Pbimax at step S136. The maximum chargeable power^rnax s 
SioThfn S ^ "2 ^ PrOPer,iSS ° f ^ 94 ^ itS remai ™ 9 ^ BRM. By wayTexamplT^e 

222£fT? fln ,? r ^! n ' n9 96 ^ Char9eable P~ of the *«»Y ~ ■* set in advance as a map 
Z ^SUl c 9 ' ' ' "V" maX ' mUm Char 9 eab,e P°wer Pbimax corresponding to the remaining charge BRM <5 
the battery 94 is read from the preset map. 

CP^mTcl^Z-lT?" iS 9reat6r I? 3 " thS maXimUm cha '9 eable P™" p bimax at step S136. the control 
CPU 90 re-calculates the target engme speed Ne* according to Equation (6) given below in order to decrease the 
energy Pe output from the engine Pe and protect the battery 94 from damages at step S1 38. Equation (6) giSs the ne- 
ZT^fT^T "I* ,h3t a " 0WS th6 Char9inQ P ° wer Pbi obtained * subtracting the output eioy wJJuSS » 

k,„. _ Pd+Pbima x 

Ne Te* (6) 

torqu^TaXat^teo HT^tTl^ *" ^ C ° mmand Va,Ue Ta * ° f the 3SSiSt motor 40 t0 the ma ~ 
torque Tamax at step S140, and sets the torque command value Tc* of the clutch motor 30 equal to the target torque 

Te of the engme 50 at step S1 42. After setting the target values and the torque command vJues. the program rSurns 
ranSrSgme 5a PS ^ 8122 ^ f '° WChart « ^ 5 10 M *» C ' UtCh mot0 ' 30 " 

nf Sta !!.° f 6ner9y conversion after tne Processing of Fig. 6 is described in a greater detail. Fig. 12 shows the state 
of energy at the respective driving points of the engine 50 after the processing of Fig. 6. It is here assumi thaUhe 
driver steps on the accelerator peda. 64 ,o a significant degree during the low-speed driving of the vehSe S as to set 
a large outout torque command value Td*. The drive shaft 22 is rotated at a low revolving speed Nd under s^ch condt 
t.ons, so that the output energy Pd calculated by multiplying the revolving speed Nd by the output torqu ^ command 
value Td takes a small value. The specific driving point of the engine 50 for generating Ihis output energy Pd iTgiven 
as a dnving pomt DP1 m F,g. 12 that is defined by a torque Te1 and a revolving speed Ne2 and expressed as the fnler 

Se ,hT V : T* P t ° f COnSlant ° UtPUt 6ner9y and the Curve DPL -P'esenting the ^!£ZZ£££X 
w,th the h.ghest poss.b.e efficiency. The driving point DP1 is defined by the target engine torque Te* and the ta^cS 
engme speed Ne* set at step S1 10 in the flowchart of Fig. 5. 9 

Since the output torque command value Td* is greater than the sum of the torque Te1 and the maximum toraue 
Tamax, the target engine torque Te* is determined by subtracting the maximum torque Tamax from «he ~t E£I 
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command value Td* at step S130 in the flowchart of Fig. 6. The specific driving point of the engine 50 corresponding to 
the target engine torque Te* is given as a driving point DP2 in Fig. 1 2 that is defined by the target engine torque Te* and 
the revolving speed Ne2. In this case, the energy Pe output from the engine 50 is expressed as the product of the target 
torque Te* and the revolving speed Ne2 and becomes greater than the output energy Pd required to be output to the 
drive shaft 22. This energy difference is obtained as the charging power Pbi and absorbed by the battery 94. In case 
that the charging power Pbi is greater than the maximum chargeable power Pbimax, the target revolving speed Ne* of 
the engine 50 is changed to make the charging power Pbi equal to the maximum chargeable power Pbimax at step 
St 38, so as to enable the engine 50 to be driven at a driving point DP3. 

When the engine 50 is driven at the driving point DP3, the clutch motor 30 regenerates energy or electric power 
expressed as the sum of areas Pbimax and Pco corresponding to the difference Nc between the revolving speed Nd of 
the drive shaft 22 and the revolving speed Ne of the engine 50. Among the regenerated electric power, the electric 
power corresponding to the area Pco is given to the assist motor 40 as the electric power corresponding to an area Pai 
whereas the electric power corresponding to the area Pbimax is used as the charging power Pbi for charging the battery 
94. In case that the energy Pe output from the engine 50 is identical with the output energy Pd and that the target torque 
Te* of the engine 50 is determined by subtracting the maximum torque Tamax from the output torque command value 
Td\ the engine 50 is driven at a revolving speed Ne3. 

Referring back to the flowchart of Fig. 5, when the output energy Pd is less than the minimum output energy Pemin 
at step S108, the program carries out the processing shown in the flowchart of Fig. 7. This state is observed when the 
vehicle starts on an upward slope or is running on a steep upward slope. In this case, the control CPU 90 of the con- 
troller 80 first compares the output torque command value Td* obtained at step Si 04 in the flowchart of Fig. 5 with the 
sum of a minimum torque Temin of the engine 50 and the maximum torque Tamax of the assist motor 40 at step S150. 
The minimum torque Temin of the engine 50 represents a torque at a specific driving point that gives a minimum output 
energy from the engine 50 as shown in Fig. 8. 

When the output torque command value Td* is equal to or greater than the sum of the minimum torque Temin of 
the engine 50 and the maximum torque Tamax of the assist motor 40, the program carries out the processing of steps 
S1 56 through S168. which are identical with that of steps S130 through S142 in the flowchart of Fig. 6. After setting the 
target values and torque command values, the program returns to the processing of steps S1 18 through S122 in the 
flowchart of Fig. 5 to control the clutch motor 30, the assist motor 40, and the engine 50. When the output torque com- 
mand value Td* is smaller than the sum of the minimum torque Temin of the engine 50 and the maximum torque Tamax 
of the assist motor 40, on the other hand, the program proceeds to step S152, at which the minimum torque Temin and 
a minimum revolving speed Nemin at a specific driving point that gives a minimum output torque from the engine 50 are 
set as the target torque Te* and the target revolving speed Ne* of the engine 50. The control CPU 90 subsequently sets 
the torque command value Ta* of the assist motor 40 equal to the difference between the output torque command value 
Td* and the target engine torque Te* at step S1 54, and sets the torque command value Tc* of the clutch motor 30 equal 
to the target engine torque Te* at step S168. After setting the target values and torque command values, the program 
returns to the processing of steps Si 18 through S122 in the flowchart of Fig. 5 to control the clutch motor 30 the assist 
motor 40, and the engine 50, 

As discussed above, the power output apparatus 20 of the first embodiment enables the power output from the 
engine 50 to be converted to a required torque and output to the drive shaft 22 by means of the clutch motor 30 and the 
assist motor 40. The structure of the first embodiment allows the engine to be driven at driving points with high effi- 
ciency, thereby improving the efficiency of the whole power output apparatus 20. 

In case that the required torque Td* to the drive shaft 22 is significantly large and can thus not be output from the 
engine 50, the clutch motor 30, or the assist motor 40 under the condition that the energy Pe output from the engine 50 
is identical with the output energy Pd required to be output to the drive shaft 22, the energy Pe output from the engine 
50 is set to be greater than the output energy Pd required to be output to the drive shaft 22. This enables the required 
torque Td* to be output from the engine 50, the clutch motor 30, and the assist motor 40. The excess energy generated 
at this moment is stored temporarily in the battery 94 and later utilized by the clutch motor 30 or the assist motor 40 
This structure further improves the energy efficiency of the whole power output apparatus 20. As mentioned above, the 
energy Pe output from the engine 50 is made greater than the output energy Pd required to be output to the drive shaft 
22, in order to enable the engine 50, the clutch motor 30, and the assist motor 40 to output the required torque Td* to 
the drive shaft 22. When this causes the excess energy to exceed the maximum chargeable power Pbimax of the bat- 
tery 94, the driving point of the engine 50 is changed by lowering the revolving speed Ne of the engine 50 while keeping 
the torque Te unchanged. This procedure decreases the energy Pe output from the engine 50 and effectively prevents 
the battery 94 from being damaged by charging with the excessively large electric power. 

In the power output apparatus 20 of the first embodiment, the driving point of the engine 50 is determined according 
to the efficiency of the engine 50. In accordance with another possible application, however, the driving point of the 
engine 50 may be determined according to the comprehensive efficiency that takes into account the efficiency of the 
engine 50. the efficiencies of the clutch motor 30 and the assist motor 40, and the charge-discharge efficiency of the 
battery 94. 
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In the power output apparatus 20 of the first embodiment, the charging power Pbi is compared with the maximum 
chargeable power Pbimax and is set to be equal to or less than the maximum chargeable power Pbimax In accordance 
with another possible structure, however, the charging power Pbi is compared with a predetermined value that is equal 
to or less than the maximum chargeable power Pbimax and is set to be not greater than the predetermined value. 

In the power output apparatus 20 of the first embodiment, the energy Pe output from the engine 50 is made greater 
than the output energy Pd required to be output to the drive shaft 22. in order to enable the engine 50, the clutch motor 
30, and the assist motor 40 to output the required torque Td* to the drive shaft 22. When this causes the excess energy 
to exceed the maximum chargeable power Pbimax of the battery 94, the driving point of the engine 50 is changed to 
decrease the energy Pe output from the engine 50 by lowering the revolving speed Ne of the engine 50 while keeping 
the torque Te unchanged. The driving point of the engine 50 may, however, be changed by lowering both the revolving 
speed Ne and the torque Te of the engine 50 according to the requirements. 

Although the assist motor 40 is directly attached to the drive shaft 22 in the power output apparatus 20 of the first 
embodiment, the assist motor 40 may be attached to a shaft which is separate from the drive shaft 22 but linked with 
the drive shaft 22 via a gear. In this latter structure, the properties of the assist motor 40 can be varied by selecting the 
gear ratio. Like power output apparatuses 20A and 20B of modified structures shown in Figs. 13 and 14, an assist motor 
40A may be interposed between the engine 50 and a clutch motor 30A, wherein a rotor 42A of the assist motor 40A is 
connected to an outer rotor 32A of the clutch motor 30A, which is further linked with the drive shaft 22. Unlike the clutch 
motor 30 of the power output apparatus 20 of the first embodiment, in such modified structures, the crankshaft 56 of the 
engine 50 is connected to an inner rotor 34A of the clutch motor 30A, whereas the drive shaft 22 is linked with the outer 
rotor 32A. Three-phase coils 36A are accordingly mounted on the outer rotor 32A. and permanent magnets 35A on the 
inner rotor 34A. The rotary transformer 38 may be attached to the drive shaft 22 as shown in the power output appara- 
tus 20A of Fig. 13, or alternatively be attached to a position between the clutch motor 30 A and the assist motor 40A as 
shown in the power output apparatus 20B of Fig. 14. The position of the rotary transformer 38 can be selected ade- 
quately according to the space of the vehicle with the power output apparatus mounted thereon. 

In the power output apparatus 20 of the first embodiment discussed above, the clutch motor 30 and the assist motor 
40 are separately attached to the different positions of the drive shaft 22. Like a power output apparatus 20C illustrated 
in Fig. 15 as a modification of the power output apparatus 20, however, the clutch motor and the assist motor may be 
joined integrally with each other. A clutch motor 30C of the power output apparatus 20C includes an inner rotor 34C 
connecting with the crankshaft 56 and an outer rotor 32C linked with the drive shaft 22. Three-phase coils 36C are 
attached to the inner rotor 34C, and permanent magnets 35C are set on the outer rotor 32C in such a manner that the 
outer surface and the inner surface thereof have different magnetic poles. An assist motor 40C includes the outer rotor 
32C of the clutch motor 30C and a stator 43 with three-phase coils 44 mounted thereon. In this structure, the outer rotor 
32C of the clutch motor 30C also works as the rotor of the assist motor 40C. Since the three-phase coils 36C are 
mounted on the inner rotor 34C linked with the crankshaft 56. the rotary transformer 38 for supplying electric power to 
the three-phase coils 36C of the clutch motor 30C is attached to the crankshaft 56. 

In the power output apparatus 20C. the voltage applied to the three-phase coils 36C on the inner rotor 34C is con- 
trolled against the inner-surface magnetic pole of the permanent magnets 35C set on the outer rotor 32C. This enables 
the clutch motor 30C to work in the same manner as the clutch motor 30 of the power output apparatus 20 of the first 
embodiment having the clutch motor 30 and the assist motor 40 separately attached to the drive shaft 22. The voltage 
applied to the three-phase coils 44 on the stator 43 is controlled against the outer-surface magnetic pole of the perma- 
nent magnets 35C set on the outer rotor 32C. This enables the assist motor 40C to work in the same manner as the 
assist motor 40 of the power output apparatus 20. All the operations of the power output apparatus 20 discussed above 
that is, the torque control operations shown in the flowcharts of Figs. 5 through 7, are thus also applicable to the power 
output apparatus 20C of modified structure. 

The outer rotor 32C functions concurrently as one of the rotors in the clutch motor 30C and as the rotor of the assist 
motor 40C, thereby effectively reducing the size and weight of the power output apparatus 20C. 

Although the assist motor 40 is attached to the drive shaft 22 in the power output apparatus 20 of the first embod- 
iment, the assist motor 40 may be attached to the crankshaft 56 of the engine 50 as illustrated in another power output 
apparatus 20D of Fig. 16 given as a further modification. The following describes the operation of torque conversion 
executed in this power output apparatus 20D. 

By way of example, it is assumed that the engine 50 of the power output apparatus 20D is driven at a specific driv- 
ing point, where the torque Te is equal to a value T1 and the revolving speed Ne is equal to a value N1 on the constant- 
output energy curve of Fig. 4 defined by the torque and the revolving speed, and that the revolving speed Nd of the drive 
shaft 22 is equal to a value N2. When the assist motor 40 attached to the crankshaft 56 applies a torque 
Ta (Ta = T2-T1) to the crankshaft 56, energy expressed as the sum of areas G2 and G3 in Fig. 4 is given to the crank- 
shaft 56, so that the torque on the crankshaft 56 becomes equal to a value T2 (= T1+Ta) . When the torque Tc of the 
clutch motor 30 is controlled to have the value T2, the torque Tc (= T1+Ta) is transmitted to the drive shaft 22 while 
electric power based on the difference Nc between the revolving speed Ne of the engine 50 and the revolving speed Nd 
of the drive shaft Nd (that is, energy expressed as the sum of areas G1 and G3) is regenerated by the clutch motor 30 
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The torque Ta of the assist motor 40 is then set to be just compensated by the electric power regenerated by the clutch 
motor 30. and the regenerative power is supplied to the second driving circuit 92 via the power lines L1 and L2 so that 
the assist motor 40 is driven with the regenerative power. 

In accordance with another example, it is assumed that the engine 50 is driven at another driving point of Fig 4 
where the torque Te is equal to a value T2 and the revolving speed Ne is equal to a value N2, and that the revolving 
speed Nd of the drive shaft 22 is equal to the value N1 . When the torque Ta of the assist motor 40 is controlled to have 
the value (T2-T1). the assist motor 40 carries out the regenerative operation and regenerates energy (electric power) 
expressed as the area G2 in Fig. 4 from the crankshaft 56. In the clutch motor 30. on the other hand the inner rotor 34 
rotates relative to the outer rotor 32 in the direction of rotation of the drive shaft 22 at a revolving speed corresponding 
to the revolving speed difference Nc (= N1 -N2) The clutch motor 30 accordingly functions as a normal motor and gives 
energy expressed as the area G1 and corresponding to the revolving speed difference Nc to the drive shaft 22 as the 
energy of rotational motion. The torque Ta of the assist motor 40 is then set to enable the electric power consumed by 
the clutch motor 30 to be just compensated by the electric power regenerated by the assist motor 40. so that the clutch 
motor 30 is driven with the electric power regenerated by the assist motor 40. 

Like the power output apparatus 20 of the first embodiment, in the power output apparatus 20D of the modified 
structure, the torque Ta of the assist motor 40 and the torque Tc of the clutch motor 30 are controlled to hold Equations 
(7) and (8) given below. This enables the energy output from the engine 50 to be subjected to free torque conversion 
and given to the drive shaft 22. The relationships of Equations (7) and (8) represent an ideal state where both the clutch 
motor 30 and the assist motor 40 have efficiencies of 1 00%. In the actual state. TcxNd and Ta become a little smaller. 

Te x Ne = Tc x Nd ( 7 j 

Te + Ta = Tc = Td (8) 

When the torque control routine of Figs. 5 through 7 is applied to the power output apparatus 20D of the modified 
structure where the assist motor 40 is attached to the crankshaft 56 of the engine 50, the torque command value Tc* of 
the clutch motor 30 is set equal to the output torque command value Td* instead of the target engine torque Te* at steos 
S116, S142. andSl68. 

This structure having the assist motor 40 attached to the crankshaft 56 of the engine 50 is also realized in still 
another power output apparatus 20E illustrated in Fig. 1 7. In this power output apparatus 20E. the engine 50 is inter- 
posed between the clutch motor 30 and the assist motor 40. 

Like still another power output apparatus 20F illustrated in Fig. 18, the clutch motor and the assist motor may be 
.ntegrally joined with each other. Referring to Fig. 1 8. in the power output apparatus 20F. an outer rotor 32F of a clutch 
motor 30F also works as a rotor of an assist motor 40F. The voltage applied to the three-phase coils 36 on the inner 
rotor 34 is controlled against the inner-surface magnetic pole of permanent magnets 35F set on the outer rotor 32F. This 
allows the clutch motor 30F to work in the same manner as the clutch motor 30 of the power output apparatus 20D 
shown in Fig. 16. The voltage applied to the three-phase coils 44 on the stator 43 is controlled against the outer-surface 
magnetic pole of the permanent magnets 35F set on the outer rotor 32F. This allows the assist motor 40F to work in the 
same manner as the assist motor 40 of the power output apparatus 20D. The power output apparatus 20F accordingly 
carries out the same operations and exerts the same effects as those in the power output apparatus 20D discussed 
above. In addition to the effects of the power output apparatus 20D. this modified structure has a further effect of reduc- 
ing the size and weight of the whole power output apparatus 20F. 

The following describes another power output apparatus 20G as a second embodiment according to the present 
invention. Fig. 19 schematically illustrates general structure of a vehicle with the power output apparatus 20G of the 
second embodiment incorporated therein. The power output apparatus 20G of the second embodiment has a similar 
structure to that of the power output apparatus 20 of the first embodiment, except that connection of the power lines L1 
and L2 with a motor-cooling fan 102, an air-conditioning compressor 104. a cooling water circulation pump 108 in the 
engine 50, and other related constituents mounted on the vehicle is clearly shown. The constituents of the power output 
apparatus 20G of the second embodiment that are identical with those of the power output apparatus 20 of the first 
embodiment are expressed by like numerals and not specifically described here. The numerals and symbols used in 
the description of the first embodiment have the same meanings in the description of the second embodiment unless 
otherwise specified. 

The power output apparatus 20G of the second embodiment carries out a torque control routine shown in the flow- 
charts of Figs. 20 through 22, in place of the torque control routine of Figs. 5 through 7 executed by the power output 
apparatus 20 of the first embodiment. The following describes the essential characteristics of the torque control exe- 
cuted in the power output apparatus 20G of the second embodiment, based on the torque control routine of Fias 20 
through 22. M 

The processing shown in the flowchart of Fig. 20 is similar to that of Fig. 5, except that the process of setting a sur- 
plus power Ps equal to zero at step S218 and the control for forcibly consuming the surplus power at step S226, which 


EP 0 800 951 A1 


will be discussed later. 

When the output torque command value Td* is determined to be greater than the sum of the target torque Te* of 
the engine 50 and the maximum torque Tamax of the assist motor 40 at step S212 in the flowchart of Fig. 20. the pro- 
gram executes the processing of steps S230 through S236 in the flowchart of Fig. 21, which is identical with the 
processing of steps S130 through S136 in the flowchart of Fig. 6. The control CPU 90 of the controller 80 first calculates 
the target torque Te* of the engine 50 according to the equation of Te * = Td* - Tamax at step S230, reads the target 
engine speed Ne* corresponding to the target engine torque Te* from a map (for example, one shown in Fig. 8) at step 
S232. calculates the charging power Pbi according to the equation of Pbi = Te* x Ne* - Pd at step S234, and com- 
pares the calculated charging power Pbi with the maximum chargeable power Pbimax at step S236. 

When the charging power Pbi is equal to or smaller than the maximum chargeable power Pbimax at step S236 the 
program goes to step S238. at which a surplus power Ps is set equal to zero. When the charging power Pbi is greater 
than the maximum chargeable power Pbimax, on the contrary, the program goes to step S240 to set the surplus power 
Ps by subtracting the maximum chargeable power Pbimax from the charging power Pbi and then to step S242 to correct 
the charging power Pbi to the maximum chargeable power Pbimax. The surplus power Ps is calculated by subtracting 
the maximum chargeable power Pbimax from the charging power Pbi and accordingly represents a quantity of electric 
power exceeding the chargeable power of the battery 94. The program then carries out the processing of steps S244 
and S246, which is identical with the processing of steps S140 and S142 in the flowchart of Fig. 6. Namely the control 
CPU 90 sets the torque command value Ta* of the assist motor 40 equal to the maximum torque Tamax at step S244 
and sets the torque command value Tc* of the clutch motor 30 equal to the target engine torque Te* at step S246 The 
program then returns to steps S220 through S226 in the flowchart of Fig. 20 to control the clutch motor 30, the assist 
motor 40, and the engine 50 and to carry out the control for forcibly consuming the surplus power. 

The control for forcibly consuming the surplus power forcibly activates power-consuming devices, such as the 
motor-cooling fan 102, the air-conditioning compressor 104, and the cooling water circulation pump 108', according to 
the value of the surplus power Ps, thereby consuming the surplus power Ps. In accordance with one concrete proce- 
dure, possible combinations of surplus power Ps, power-consuming device that consumes the surplus power Ps, and 
driving point of the power-consuming device are stored in advance as a map. An appropriate power-consuming device 
and its driving point corresponding to the preset surplus power Ps are read from the map, and the selected power-con- 
suming device is forcibly activated and driven at the selected driving point. This allows consumption of the surplus 
power Ps. The power-consuming device is not limited to those mentioned above, but may be any other devices mounted 
on the vehicle or those having discharge resistance. 

When the output energy Pd is determined to be less than the minimum output energy Pemin at step S208 in the 
flowchart of Fig. 20, the program carries out the processing of steps S250 through S272 in the flowchart of Fig 22 
which is similar to the processing of steps S150 through S168 in the flowchart of Fig. 7 except the processing of steps 
S262 through S268. The processing of steps S262 through S268 is identical with the processing of steps S236 through 
S242 in the flowchart of Fig. 21. When the output torque command value Td* is determined to be equal to or greater 
than the sum of the minimum torque Temin of the engine 50 and the maximum torque Tamax of the assist motor 40 at 
step S250 in the flowchart of Fig. 22, the control CPU 90 calculates the target torque Te* of the engine 50 according to 
the equation of Te * » Td* - Tamax at step S256, reads the target engine speed Ne* corresponding to the target engine 
torque Te* from a map (for example, one shown in Fig. 8) at step S258, and calculates the charging power Pbi according 
to the equation of Pbi = Te * x Ne* - Pd at step S260. When the calculated charging power Pbi is greater than the max- 
imum chargeable power Pbimax at step S262, the control CPU 90 calculates the surplus power Ps according to the 
equation of Ps = Pbi - Pbimax at step S266 and corrects the charging power Pbi to the maximum chargeable power 
Pbimax at step S268. 

In the power output apparatus 20G of the second embodiment discussed above, in case that the required torque 
Td* to the drive shaft 22 is significantly large and can thus not be output from the engine 50, the clutch motor 30, or the 
assist motor 40 under the condition that the energy Pe output from the engine 50 is identical with the output energy Pd 
required to be output to the drive shaft 22, the energy Pe output from the engine 50 is set to be greater than the output 
energy Pd required to be output to the drive shaft 22. This enables the required torque Td* to be output from the engine 
50, the clutch motor 30, and the assist motor 40. The excess energy generated at this moment is stored temporarily in 
the battery 94 and later utilized by the clutch motor 30 or the assist motor 40. This structure further improves the energy 
efficiency of the whole power output apparatus 20G. As mentioned above, the energy Pe output from the engine 50 is 
made greater than the output energy Pd required to be output to the drive shaft 22, in order to enable the engine 50 
the clutch motor 30, and the assist motor 40 to output the required torque Td* to the drive shaft 22. When this causes 
the excess energy to be greater the maximum chargeable power Pbimax of the battery 94, the surplus power Ps 
exceeding the maximum chargeable power Pbimax is consumed by the power-consuming devices, such as the motor- 
cooling fan 102, the air-conditioning compressor 104, and the cooling water circulation pump 108. This procedure effec- 
tively prevents the battery 94 from being damaged by Charging with the excessively large electric power. 

As discussed above, the power output apparatus 20G of the second embodiment enables the power output from 
the engine 50 to be converted to a required torque and output to the drive shaft 22 by means of the clutch motor 30 and 
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the assist motor 40. The structure of the first embodiment allows the engine to be driven at driving points with high effi- 
ciency, thereby improving the efficiency of the whole power output apparatus 20G. 

In the power output apparatus 20G of the second embodiment, the charging power Pbi is compared with the max- 
imum chargeable power Pbimax, and is corrected to the maximum chargeable power Pbimax when Pbi exceeds Pbi- 
max. In accordance with another possible structure, however, the charging power Pbi is compared with a 
predetermined value that is equal to or less than the maximum chargeable power Pbimax, and is corrected to the pre- 
determined value when Pbi exceeds the predetermined value. 

Although the assist motor 40 is directly attached to the drive shaft 22 in the power output apparatus 20G of the sec- 
ond embodiment, the assist motor 40 may be attached to a shaft which is separate from the drive shaft 22 but linked 
with the drive shaft 22 via a gear. In this latter structure, the properties of the assist motor 40 can be varied by selecting 
the gear ratio. Like the power output apparatuses 20A and 20B of modified structures shown in Figs 13 and 14 the 
assist motor 40A may be interposed between the engine 50 and the clutch motor 30A, wherein the rotor 42A of the 
assist motor 40A is connected to the outer rotor 32A of the clutch motor 30A, which is further linked with the drive shaft 
22. As another possible structure, the clutch motor and the assist motor may be integrally joined with each other like 
the power output apparatus 20C of modified structure illustrated in Fig. 1 5 

Although the assist motor 40 is attached to the drive shaft 22 in the power output apparatus 20G of the second 

Z h ^nf? 1 "Jf, 40 ma/ be 3ttaChed *° the crankshaft 5 6 <* the engine 50. like the power output appara- 
tuses 20D and 20E of mod,f ,ed structures shown in Figs. 16 and 1 7. When the torque control routine of Figs . 20 through 
22 ,s applied to these modified structures where the assist motor 40 is attached to the crankshaft 56 of the engine 50 
the torque command value Tc* of the clutch motor 30 is set equal to the output torque command value Td* instead of 
the target engine torque Te* at steps S216, S246, and S272. As another possible structure, the clutch motor and the 
assist motor may be integrally joined with each other, like the power output apparatus 20F of modified structure illus- 
irstSQ in ricj. 18. 

In the power output apparatus 20G of the second embodiment, when the charging power Pbi exceeds the maxi- 
mum chargeable power Pbimax. the charging power Pbi is corrected to the maximum chargeable power Pbimax while 
the excess energy ,s consumed as the surplus power Ps by the power-consuming devices. In accordance with one 
a ternat.ve structure, when the charging power Pbi exceeds the maximum chargeable power Pbimax. the driving point 
o he engine 50 ,s changed to decrease the energy Pe output from the engine 50 by lowering the revolving speed Ne 
of the engine 50 while keeping the torque Te unchanged, as described in the torque control of the power output appa- 
ratus 20 of the first embodiment. When the charging power Pbi still exceeds the maximum chargeable power Pbimax 
even after this process, the charging power Pbi is corrected to the maximum chargeable power Pbimax while the 
excess energy ,s consumed as the surplus power Ps by the power-consuming devices. This alternative structure has 
the effects of both the power output apparatus 20 of the first embodiment and the power output apparatus 20G of the 
second embodiment. 

The following describes another power output apparatus 20H as a third embodiment according to the present 
invention Fig. 23 schematically illustrates general structure of a vehicle with the power output apparatus 20H of the 
hird embodiment incorporated therein. The power output apparatus 20H of the third embodiment has a similar struc- 
ture to that of the power output apparatus 20 of the first embodiment, except a navigation system 1 1 0 that outputs infor- 
mation regarding the current position and the running direction of the vehicle based on signals from a GPS (global 
positioning system) satellite and map information. The constituents of the power output apparatus 20H of the third 
embodiment that are identical with those of the power output apparatus 20 of the first embodiment are expressed by 
like numerals and not specifically described here. The numerals and symbols used in the description of the first embod- 
iment have the same meanings in the description of the third embodiment, unless otherwise specified 

The navigation system 1 10 incorporated in the power output apparatus 20H of the third embodiment includes a 
map information storage device 1 14 for storing map information, such as roads, the names of places, main buildings 
and topographical data, a navigation aerial 1 16 for receiving signals from the GPS satellite, a gyro sensor 1 1 8 for meas- 
uring an angle of running direction of the vehicle, a vehicle speed sensor 120 for measuring a vehicle speed a display 
panel 1 22 tor displaying the map information as well as the current position and the running direction of the vehicle and 
a navigation control device 112. The navigation system 110 combines radio navigation that measures the current posi- 
tion of the vehicle based on the signals sent from the GPS satellite with self-contained navigation that measures the 
moving distance and the running direction of the vehicle with the gyro sensor 1 is and the vehicle speed sensor 120 
The navigation system 1 10 calculates the current position and the running direction of the vehicle, the vehicle speed' 
ava.lab e routes 1o a destination, and time periods required to arrive at the destination, and outputs these data wiih the 
map information to the display panel 122. 1 ™ 

A variety of data including topographical data, data of roads and main buildings, and data of steep slope areas that 
represent predetermined ranges around points having predetermined or greater gradients (for example, gradients of 
not ess than 10 A,) are stored as the map information in the map information storage device 1 14. Although not being 

rm , «n2 6 COntr °' ***** 112 * constructed as an arith ™tic a <* '°9ical operations circuit including a 

CPU. a ROM, a RAM, an input circuit for receiving data sent from the vehicle speed sensor 120 and the map information 
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storage device 1 1 4. and an output circuit for outputting the map information as well as the results - 
the current position and the running direction of the vehicle to the display panel 122 and the cor* 

The power output apparatus 20H of the third embodiment thus constructed carries out a 
shownjn the flowcharts of Figs. 24 and 25. The following describes the essential characteristic- 
executed m the power output apparatus 20H of the third embodiment, based on the torque con 1 

When the program enters the torque control routine, the control CPU 90 of the controller 8C 

^ CPu'£il fl ir f r ! Ve J"* 22 aCCe,erat0r P6dal P ° Siti0n AP 31 St6pS 8300 and S 
control CPU 90 then calculates the output torque command value Td* from the input accelerate 

step S304, calculates the output energy Pd according to the equation of Pd = Td* x Nd at steo 

whether or not the revolving speed Nd is lower than a threshold value Ndref and whether or not t 

mand value Td .s greater than a threshold value Tdref at step S308. The condition of lower re* 

larger output torque command value Td* is recognized as a state that requires making the enei- 

engine 50 greater than the output energy Pd needed to be output to the drive shaft 22 and there! 

94 with the resulting excess energy. This enables the engine 50, the clutch motor 30 and the as- 

SHX* I 0 .'?" 6 Td * t0 the driVC Shaft 22 The threshold values N** and Tdref respectively r" 
speed Nd and he output torque command value Td* set as lower limits of this state. In the third era 
old value Ndref is set to be a little higher than the minimum revolving speed Nemin of the enoine 
8, whereas the threshold value Tdref is set equal to the sum of the minimum torque Temin of the e 
imum torque Tamax of the assist motor 40 shown in Fig. 8. 

When it is determined that the revolving speed Nd is lower than the threshold value Ndref 
° 0mm ™ ^ Td * iS 9reater than the thresh °W ™\ue Tdref at step S308, the program carries 
steps S330 through S336 shown in the flowchart of Fig. 25. When it is determined that either hT 
not lower than the threshold value Ndref or the output torque command value Td* is not greater ft 
Tdref a step S308. on the other hand, the program carries out the processing of steps S310 thrc 

ft 3 . ,hl^ 9 ' k J* !°"°r n9 describes ,irst the jessing executed when either the revolving 
than the threshold value Ndref or the output torque command value Td* is not greater than the 
and then the processing executed when the revolving speed Nd is lower than the threshold value 
torque command value Td* is greater than the threshold value Tdref 

When it is determined that either the revolving speed Nd is not lower than the threshold val . 
torque command value Td* is not greater than the threshold value Tdref at step S308 the conl 
data of remaining charge BRM of the battery 94 at step S310, and determines whether or not 
BRM ,s greater than a threshold value Bref and whether or not a large-power charging predictior- 
to the value 1 at step S3 12. The threshold value Bref is set as the remaining charge BRM that a, 

£ C S ar9 ^f V th PrediCted ' ar9e POW6r ' and tak6S 3 value depending upon the type, capacity anc 
tery 94. The large-power charging prediction flag FNB shows whether or not there is a possibility c 

?J,'£l a ? 6 P ° W ^ 1 and iS S6t in 3 ,ar 9 e -P° wer ^Sing prediction routine (shown in the flowc 
caned out repeatedly at predetermined time intervals. When the program enters the larqe-oow- 
rou„ne o Fig. 26 the control CPU 90 of the controller 80 first receiveTdata of current poSon Z- 
the vehicle from the navigation control device 1 1 2 of the navigation system 1 10 at step S340 anc 

«l e n P rt l 0P fH areaS ?f f the ° Urrent P ° Siti0n ° f the vehicle from ,he ™P information storage devi - 
t.on control dev.ee 1 1 2 at step S342. It is then determined at step S344 whether or not the current 
is within a steep slope area or whether or not the vehicle is expected to enter a steep slope ar« 
time period. When it is determined that either the current position of the vehicle is within a steep - 
cle is expected to enter a steep slope area in a predetermined time period, the program determir 
:?T w ? d to be charged with large electric power and goes to step S346 to set the large-pow- 
flag FNB equal to the value 'V. When it is determined that the current position of the vehicle is not 
area and the veh.cle is not expected to enter any steep slope area in a predetermined time peric. 
prograrn determines that the battery 94 is not expected to be charged with large electric power «= 
to set the large-power charging prediction flag FNB equal to the value O" 

Referring back to the flowchart of Fig. 24, when it is determined that the remaining charqe I 
is greater than the threshold value Bref and that the large-power charging prediction flag FNB is 
1 atstep S3 1 2, the program determines that the current state does not allow the battery 94 to ben 
dieted large power, although the current state is within a specific range for predicting that the= 
charged w.th large power or otherwise is expected to enter the specific range in a predetermines 
gram accordingly proceeds to step S316 to set the target torque Te* and the target revolving sp 
50 by subtracting a discharging power Pbo from the output energy Pd and referring to a preset r 
shown ,n F,g. 8). Namely the target engine torque Te* and the target engine speed Ne* are dete 
isfy the equation of Pd - Pbo = Te * x Ne* The discharging power Pbo represents electric pows 
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storage device 114. and an output circuit for outputting the map information as well as the results of operations includino 
the current pos,t.on and the running direction of the vehicle to the display panel 1 22 and the controller 80 9 
ch J 7 " 6 "V* apparatus 20H of the third embodiment thus constructed carries out a torque control routine 

* ° ' 24 ^ 25 ThG ,0 "° Win9 deSCfibeS eSS6ntial ^acteristics a?*, torque con Z 
executed ,n the power output apparatus 20H of the third embodiment, based on the torque control routine of Figs. 24 

When the program enters the torque control routine, the control CPU 90 of the controller 80 first receives data of 

Tnt o. r PM e S ° f *T ? fiVe l haft 22 ^ aCCel6rat0r P6dal POSition AP at steps 5300 and S302 respeSveHhe 
ste tZ J f C ,f U '? S thS OUtPUt t0rque COmmand 73,1,6 Td * ,rom the in P"« Aerator pedal position AP a* 
step S304. calculates the output energy Pd according to the equation of Pd = Td* x Nd at step S306 and determines 

m/nrf 7 "tT W is *»~ ^an a threshold value Ndref and whether or noUhrouCtor q rc 0m 

mand value Td* ,s greater than a threshold value Tdref at step S308. The condition of lower revolving^peS Nd and 

Ll 9 in^n P : q ? h °T ,Bnd Va ' Ue Td * iS reC09ni26d 35 3 State that requires maki "9 the ener 9Y Pe oXuTfrom'he 

l?ZZ 9 % ^ OUtPUt ener9y Pd n6eded t0 be 0utput t0 the drive shaft 22 and thereby charges the tettlry 
94 w,th theresult.ng , excess energy. This enables the engine 50. the clutch motor 30. and the assist motor 40 to , S 

the required torque Td' to the drive shaft 22. The threshold values Ndref and Tdref respectively represent the reJoMna 

ss. : he ° u t tpu i ,orque command va,ue Td * set as ,ower ,imits <* this *«•■ is^ss^s^ 

old value Ndref ,s set to be a httle higher than the minimum revolving speed Nemin of the engine 50 in the Xh o Ra 
S^whereas the threshold value Tdref is set equal to the sum of the minimum torque Temin of the engine 50 a^ me maJ 
imum torque Tamax of the assist motor 40 shown in Fig. 8. «««moinemax 

mmm!!!? a **"* ned that ,he revolvin 9 s P eed Nd is than the threshold value Ndref and the output torque 
Td ' S 9rea,er than the threshold va,ue Tdref at s teP S308, the program carries out the proceS oi 
steps S330 through S336 shown in the flowchart of Fig. 25. When it is determined that either the revo ving ^eS Nd S 

S^^^^ 0 2 ,e h N H re L 0r ^ t0fqUe C ° mmand Va ' Ue Td * iS n0t 9 reater '"an the t»X£ vie 
JSr o S 2? Th^r h J f Pr ° 9,am CameS ° Ut ,he processin 9 of ^eps S310 through S320 in the f low- 
S?n *J2?' t m ? m!? 9 descr,bes ,,rst m e processing executed when either the revolving speed Nd is not lower 

Ind .Hp tn 6 dfef ° r ^ C ° mmand value Td * is not 9'eater than the threshold value Se 

and then the processmg executed when the revolving speed Nd is lower than the threshold value Ndref and the outou 
torque command value Td- is greater than the threshold value Tdref. ^ 

When it is determined that either the revolving speed Nd is not lower than the threshold value Ndref or the outout 
torque command value Td* is not greater than the threshold value Tdref at step S308. the control CPU 90 readsThe 
data of rem ai n,ng charge BRM of the battery 94 at step S310. and determines whether or not the remaking charge 
BRM ,s greater than a threshold value Bref and whether or not a large-power charging prediction flag FNB is !<T£ual 

be ch^ e k "S Sf ■ threSh0 ' d Va ' Ue ^ iS SGt 35 ,hS remainin9 Char 9 e B ™ ** allows the batterySt to 
be charged w.th predicted large power, and takes a value depending upon the type, capacity, and propertieTof the bat 
^ry 94. The large-power charging prediction flag FNB shows whether or not thesis a possibility o ZZ7*ZT b tte y 
94 wuh large powen and « set in a large-power charging prediction routine (shown in the flowchart of Fig 26) that s 
earned out repeatedly at predetermined time intervals. When the program enters the large-power charging predict on 

TV, I 9 ' 'I 1 " 6 ^ CPU 90 ° f the COntr0 " er 80 ,irSt receives data of Position and S3?cf3SS 

the vehicle from the nav.gat.on control device 1 1 2 of the navigation system 1 10 at step S340 and then received o 
steep slope areas near the current position of the vehicle from the map information borage devfee * .™Z na^oa 

troldevice 12at stepS342. Itisthen determined at step S344 whether or not thecurrentpUon^ 
s wth.n a s teep slope area or whether or not the vehicle is expected to enter a steep slope area in a predetermS 
t.me penod. When ,t « determined that either the current position of the vehicle is with.n a stee^ Jlope area or th ™T 

to be TlTTJ^ " 3 Predetermined time period ' ^ P^ a - determines'thatrblty 
f Tmo , 6 C u harged w,th large eiscinc P° wer and 9oes to step S346 to set the large-power charging prediction 

area and the veh.cle ,s not expected to enter any steep slope area in a predetermined time period on the contrary the 

Z~?L T mmeS b3ttery 94 iS ^ eXP&Cted l ° be Chaf9ed With lar 9 e electric W and goes Sp ssls 

to set the large-power charging prediction flag FNB equal to the value 0' 

Referring back to the flowchart of Fig. 24, when it is determined that the remaining charge BRM of the batterv 94 

? ,hreSh0 ' d !f' Ue ^ aPd ^ the la,9e - p0Wer Char9in9 prediction f,a 9 FNB j s ^t equauo the value 

LTJT • P \7 am determines that the current state does not allow the battery 94 to be charged with the pre 

* ° UQh CUrrent S,ate iS Wi,hiP 3 Sp6Ci,iC ran 9 e ,or predicti "9 'hat the battery 94 would be 

olm^oH T P ° W l 0r ° ,herWi r iS 6XPeCted t0 6n,er thS Sp6Cif iC ran 9 e in a Predetermined time period. The pro 

sc Z TS 7 " P ' 0Ce f S 10 St6P 3316 l ° S6t the t3rget t0rqu6 Te * and the ta '-9 et ™° lvi "9 speed Ne* of the engine 
50 by subtracting a discharging power Pbo from the output energy Pd and referring to a preset map (for examofe one 

XvTee 9 , 8) target t0rqUe Te * and the target en9ine speed'Ne* are determini? n o^er to sat 

isfy the equation of Pd - Pbo = Te * x Ne* The discharging power Pbo represents electric power discharged from the 
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battery 94, and takes a value depending upon the type, the capacity, and the properties of the battery 94 This process 
of setting the target engine torque Te* and the target engine speed Ne* makes the energy Pe output from the engine 
50 smaller than the output energy Pd and allows the insufficient energy to be compensated by the electric power dis- 
charged from the battery 94, thereby enabling the remaining charge BRM of the battery 94 to be equal to or less than 
the threshold value Bref. 

When it is determined that the remaining charge BRM of the battery 94 is not greater than the threshold value Bref 
or that the large-power charging prediction flag FNB is set equal to the value 0' at step S312 on the other hand the 
program determines that the current state allows the battery 94 to be charged with the predicted large power or other- 
wise does not predict that the battery 94 would be charged with large power. The program accordingly proceeds to step 
S3 14 to read an adequate combination of the target torque Te* and the target revolving speed Ne* of the engine 50 cor- 
responding to the output energy Pd from a preset map (for example, one shown in Fig. 8). In this case the target engine 
torque Te* and the target engine speed Ne* are determined in order to satisfy the equation of Pd = Te* x Ne* and to 
make the energy Pe output from the engine 50 equal to the output energy Pd. 

The control CPU 90 subsequently subtracts the target engine torque Te* from the output torque command value 
Td and sets the difference as the torque command value Ta* of the assist motor 40 at step S31 8 and sets the torque 
command value Tc* of the clutch motor 30 equal to the target engine torque Te* at step S320. After setting the target 
values and torque command values, the program goes to steps S322, S324 and S326 to control the clutch motor 30 
the assist motor 40. and the engine 50. The concrete procedures of controlling the clutch motor 30, the assist motor 4o' 
and the engine 50 carried out at steps S322 through S326 are identical with those executed at steps S118 through 
51 22 in the torque control routine of the first embodiment shown in the flowchart of Fig 5 

When the revolving speed Nd is lower than the threshold value Ndref and the output torque command value Td* is 
greater than the threshold value Tdref at step S308 in the flowchart of Fig. 24, the program carries out the processing 
of steps S330 through S336 shown in the flowchart of Fig. 25. The control CPU 90 first subtracts the maximum torque 
Tamax of the assist motor 40 from the output torque command value Td* and sets the difference as the target torque 
Te* of the engine 50 at step S330. and reads the target revolving speed Ne* of the engine 50 corresponding to the cal- 
culated target torque Te* from a preset map (for example, one shown in Fig. 8) at step S332. The control CPU 90 sub- 
sequently sets the torque command value Ta* of the assist motor 40 equal to the maximum torque Tamax at step S334 
and sets the torque command value Tc* of the clutch motor 30 equal to the target torque Te* of the engine 50 at step 
S336. After setting the target values and torque command values, the program returns to steps S322 through S326 in 
the flowchart of Fig. 24 to control the clutch motor 30, the assist motor 40, and the engine 50 

In the power output apparatus 20H of the third embodiment discussed above, in case that the required torque Td* 
to the drive shaft 22 is s.gnificantly large and can thus not be output from the engine 50. the clutch motor 30 or the 
assist motor 40 under the condition that the energy Pe output from the engine 50 is identical with the output energy Pd 
requ.red to be output to the drive shaft 22. the energy Pe output from the engine 50 is set to be greater than the output 
energy Pd required to be output to the drive shaft 22. This enables the required torque Td* to be output from the engine 
50. the clutch motor 30. and the assist motor 40. The excess energy generated at this moment is stored temporarily in 
the battery 94 and later utilized by the clutch motor 30 or the assist motor 40. This structure further improves the energy 
efficiency of the whole power output apparatus 20H. As mentioned above, when the vehicle is within a steep slope area 
or is expected to enter a steep slope area in a predetermined time period, the structure of the third embodiment predicts 
that the battery 94 would be charged with large power and adjusts the remaining charge BRM of the battery 94 in order 
to allow the battery 94 to be charged with the predicted large power. This procedure effectively prevents the battery 94 
from being damaged by charging with the excessively large electric power. 

The power output apparatus 20H of the third embodiment is provided with the navigation system 1 10 that has the 
map information and determines the current position and the running direction of the vehicle based on signals sent from 
the GPS satellite and the gyro sensor 1 18. The structure of the third embodiment utilizes this navigation system 1 10 to 
predict with a higher accuracy that the battery 94 would be charged with large power. 

As discussed above, the power output apparatus 20H of the third embodiment enables the power output from the 
engine 50 to be converted to a required torque and output to the drive shaft 22 by means of the clutch motor 30 and the 
assist motor 40. The structure of the first embodiment allows the engine to be driven at driving points with high effi- 
ciency, thereby improving the efficiency of the whole power output apparatus 20H 

The power output apparatus 20H of the third embodiment has the navigation system 1 10 that has the map infor- 
mation and combines radio navigation for measuring the current position of the vehicle based on the signals sent from 
the GPS satellite with self-contained navigation for measuring the moving distance and the running direction of the vehi- 
cle with the gyro sensor 1 18 and the vehicle speed sensor 1 20. so as to calculate the current position and the running 
direction of the vehicle, the vehicle speed, available routes to a destination, and time periods required to arrive at the 
destination. Any navigation system that has map information and accurately measures the current position and the run- 
ning direction of the vehicle and the other required data may. however, be applied to the power output apparatus 20H 
The power output apparatus 20H of the third embodiment receives data regarding the current position and the run- 
ning direction of the vehicle and steep slope areas from the navigation system 1 1 0, determines whether or not the vehi- 
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cle ,s wrth.n a steep slope area or is expected to enter a steep slope area in a predetermined time period and predicts 

EfiTSJUSf T'f b6 ^ ' arge el6CtriC power ' bafiad ° n the resu,t of termination. Prediction oUharg- 

mg the battery 94 w.th large electric power may be carried out by executing a large-power charging prediction routine 
shown in the flowchart of F,g. 27, in place of the large-power charging prediction routine shown in the flowchart of Fig 
2* When the program enters the routine of Fig. 27. the control CPU 90 first receives data regarding the current position 

S w IT T7T rf iC ' e ^ S ' 0PeS ° f the r ° ad SUrfaCe fr0m the navi9ation s ^tem 1 10 at steps IS 
^tPn?^?fh ' S det& T that the vehicle is runnin 9 0" * slope having a predetermined or greater rising gradient 

s^Z!hh 6rm ' neS 94 iS eXP6Cted ,0 bS Char96d wi,h lar9e e,ectric Poland pro- 

th!ff!h>, P 1! large-power charging prediction flag FNB equal to the value '1 When it is determined that 

he vehicle ,s running on the road surface having the rising gradient less than the predetermined value at step SsTon 

toSl ^^^ZT 5 that b H att6ry 94 iS ^ 6XpeCted 10 be Char96d with lar9e l»~ ^d 

proceeds to step S358 to set the large-power charging prediction flag FNB equal to the value 0' 

The power output apparatus 20H of the third embodiment utilizes the navigation system 1 10 to determine whether 
or not the ' battery 94 .s expected to be charged with large electric power. In accordance with an a.ternati v rstTucture 

teT iTn' S TT° ° Cl ?T 9 b8t,ery 94 With ^ 6leClriC P0wer is ^««ntad without the navigaln s ys 
tern 110. Fy 28 schematically illustrates a power output apparatus 20J of this alternative structure, and Fig 29 shows 

front s f T* ^ ° UtPUt aPP9ratUS 20J ° f Rg - 28 mounted thereon " The output apparatus' 2o7haTa 
front altimeter 132 for measuring a height HF on the front portion of the vehicle 130 and a rear altimeter 134 for meas 
urmg a height HR on the rear portion of the vehicle 130. This structure determines that the battery 94 is expected to be 
*2 1 ,arge e, «f c -"en the vehicle 130 is running on a slope having a predetermined or 52?£5 
o Fi^ ?n t P T r , °^, UX aPParatUS 20J Carri6S ° Ut 3 I*™™* urging prediction routine shown in The flowchart 
30 hP Sf / ar9e - power P rediction ^tine of Fig. 26. When the program enters the routine of Fig. 

win Z f™, £ . i~ re H e r S d3ta °' thS ,r ° nt hei9W HF and the rear hei9ht HR of the veni Ce 130 measur^l 

re ah^HF of h? h [ f™. ^ T a ' timeter 134 31 S,6P S36 °' 3nd SubtfaCtS the rear hei 9* H R *»", the front 
he.ght HF of the vehicle 130 to yield a height difference AH at step S362. When the height difference AH is equal to or 
greater than a threshold value Href at step S364. the program determines that the vehicle 1 30 is running ™T slope 
having a predetermined or greater rising gradient and thereby the battery 94 is expected to be charged with large elec- 
h! h! W M h? Pr0C6ed ! t0 St6P S366 10 SCt the la »*> char 9 in 9 Prediction flag FNB equa. to the value V When 

mL ^T^T, ^ ' S Smaller than the threshold ^ Href at step S364. on the other hand, the program deter- 

and Ihlb th«^ i 2 ■ T" 9 ° n r ° ad SUrfaCe h3Vin9 ,hS riSin9 9radient ,ess than the Predetermined value 
and thereby the battery 94 ,s not expected to be charged with large electric power and proceeds to step S368 to set the 
arge-power charging prediction flag FNB equal to the value 0'. The threshold value Href is set to represent the prede- 
termined rising gradient, for example, a rising gradient of 10%. P 

rnJJ *Z tha " *?! Pr °?! SS ° f deteCtin9 th6 rUnning Sta,S ° f the vehic,e based on tne data ^^ng the slopes of the 
h^ 3 „ ? ° m thS navi9atlon s y stem and the P^ess of detection based on the data measured with altimeters 

Tl . POrt ' 0n 3nd the ^ POr,i ° n ° f the V6hicle discussed abov * a ™«y ol techniques are a3 \1 
for determining whether or not the vehicle is running on a slope having a predetermined or greater rising gradient such 

Ztt^VSZST* on si9nals sent ,rom a 9yro sensor attached 10 the vehicle for mea - ing ^ a - d 

*J?£ th f pOWGr ° UtPUt appara,us 20 of the ,irst embodiment, the assist motor 40 is directly attached to the drive 
shaft 22 in the power output apparatus 20H of the third embodiment. The assist motor 40 may. however be attached to 
a shaft wh,ch is separate from the drive shaft 22 but linked with the drive shaft 22 via a gear. In Se ^s^ructurelhe 

STof mLi ^r? ™V° can . be varied by selecting the 9ear ratio - Like the powar Z£Z£Z2S;£l 

.hlT.^ I I ™T 1 ° Wn in RgS - 13 and 14 " ,he assist motor 40A ma * be interposed between the engine 50 
and the clutch motor 30A, wherein the rotor 42A of the assist motor 40A is connected to the outer rotor 32A of the clutch 
motor 30A. wh.ch is further linked with the drive shaft 22. As another possible structure, the clutch motor and the assist 
motor may be integrally joined with each other, like the power output apparatus 20C of modified structure illustrated in 

The assist motor 40 may alternatively be attached to the crankshaft 56 of the engine 50, like the power output aooa- 

SZZZ^X?* ° f TO? Strurturessh0 *" in ^ ™ a <* I? When the «oi,ue control routine of Sj^Sd 
25 ,s applied to these modified structures where the assist motor 40 is attached to the crankshaft 56 of the engine 50 
he torque command value To* of the clutch motor 30 is set equal to the output torque command value Td' instead of 
the target engine torque Te* at steps S320 and S336. As another possible structure, the clutch motor and the assist 
motor may be integrally joined with each other, like the power output apparatus 20F of modified structure illustrated in 
rig. 18. 

The present invention is not restricted to the above embodiments or applications, but there may be many modifica- 
tions changes, and alterations without departing from the scope or spirit of the main characteristics of the present 
invention. Some examples of possible modification are given below. 

For example, the power output apparatus 20 of the first embodiment shown in Fig. 1 may be applied to the vehicle 
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with a four-wheel drive (4WD) as shown in Fig. 31 . In the structure of Fig. 31, the assist motor 40, which is mechanically 
linked with the drive shaft 22 in the structure of Fig. 1 . is separated from the drive shaft 22 and independently disposed 
in a rear-wheel portion of the vehicle in order to drive rear driving wheels 27 and 29. One end of the drive shaft 22 is 
linked with a differential gear 24 via a gear 23, so as to drive front driving wheels 26 and 28. The principle of the first 
embodiment can also be realized by this structure. 

Other possible structures include a combination of the torque control process of the first embodiment with that of 
the third embodiment, a combination of the torque control process of the second embodiment with that of the third 
embodiment, and a combination of the torque control process of the first embodiment with that of the second embodi- 
ment and that of the third embodiment. 

The gasoline engine driven by means of gasoline is used as the engine 50 in the above embodiments. The principle 
of the invention is. however, applicable to other internal combustion engines and external combustion engines such as 
Diesel engines, turbine engines, and jet engines. 

Permanent magnet (PM)-type synchronous motors are used for the clutch motor 30 and the assist motor 40 in the 
above embodiments. Any other motors which can implement both the regenerative operation and the power operation 
such as variable reluctance (VR)-type synchronous motors, vernier motors, d.c. motors, induction motors, supercon- 
ducting motors, and stepping motors, may. however, be used according to the requirements. 

The rotary transformer 38 used in the embodiments as means for transmitting the electric power to the clutch motor 
30 may be replaced by a slip ring-brush contact, a slip ring-mercury contact, a semiconductor coupling of maqnetic 
energy, or the like. y 

Transistor inverters are used for the first and the second driving circuits 91 and 92 of the above embodiments Other 
available examples include IGBT (insulated gate bipolar mode transistor) inverters, thyristor inverters voltage PWM 
(pulse width modulation) inverters, square-wave inverters (voltage inverters and current inverters), and resonance 
inverters. 

The battery 94 in the above embodiments may include Pb cells, NiMH cells. Li cells, or the like cells A capacitor 
may be used in place of the battery 94. 

Although the power output apparatus is mounted on the vehicle in all the above embodiments, it may be mounted 
on other transportation means like trains as well as a variety of industrial machines. 

It should be clearly understood that the above embodiments discussed above are only illustrative and not restrictive 
in any sense. The scope and spirit of the present invention are limited only by the terms of the appended claims. 

Claims 


1. A power output apparatus mounted on a vehicle for outputting power to a drive shaft of said vehicle said power out- 
put apparatus comprising: 

an engine having an output shaft; 
engine-driving means for driving said engine; 

a first motor comprising a first rotor connected with said output shaft of said engine and a second rotor con- 
nected with said drive shaft, said second rotor being coaxial to and rotatable relative to said first rotor, said first 
and second rotors being electromagnetically connected with each other, whereby power is transmitted 
between said output shaft of said engine and said drive shaft via an electromagnetic coupling of said first rotor 
with said second rotor; 

a first motor-driving circuit for controlling the degree of electromagnetic coupling of said first rotor with said sec- 
ond rotor in said first motor and regulating the rotation of said second rotor relative to said first rotor 
a second motor connected with said drive shaft; 

a second motor-driving circuit for driving and controlling said second motor; 

storage battery means connected with said first motor-driving circuit and said second motor-driving circuit said 
storage battery means being charged with electric power and discharged to release electric power via said first 
motor-driving circuit and said second motor-driving circuit; 
running state detection means for detecting a running state of said vehicle; 

power prediction means for predicting an output state of the power to said drive shaft corresponding to a pre- 
determ.ned output state based on the running state of said vehicle detected by said running state detection 
means, said predetermined output state representing the output state accompanied by a process of charging 
said storage battery means with electric power that is equal to or greater than a predetermined electric power 
and 

control means for, when said predetermined output state is predicted by said power prediction means control- 
ling said engine via said engine-driving means and controlling said first motor and said second motor via said 
first motor-driving circuit and said second motor-driving circuit, so as to allow said storage battery means to be 
charged at least with the predetermined electric power. 
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2. A power output apparatus in accordance with claim 1, wherein said power prediction means further comprises 
means for. when the running state of said vehicle detected by said running state detection means represents a 
state in which said vehicle is running on a slope having a predetermined or greater rising gradient, predicting that 
said predetermined output state would be expected in a predetermined time period. 


3. 


5. 


7. 


A power output apparatus in accordance with claim 1. said power output apparatus further comprising: 

position/direction detecting means having map information, said position/direction detecting means detecting 
a current position and a running direction of said vehicle in relation to said map information. 

wherein said power prediction means predicts said predetermined output state, based on the running 
state of said vehicle detected by said running state detection means and the current position and the running 
direction of said vehicle detected in relation to said map information by said position/direction detecting means. 

A power output apparatus in accordance with claim 1, wherein said first motor and said second motor are con- 
structed as a complex motor that comprises a third rotor connected with said output shaft of said engine a fourth 
rotor connected with said drive shaft to be coaxial to and rotatable relative to said third rotor, and a stator for rotating 
said fourth rotor, said third rotor and said fourth rotor constituting said first motor comprising said first rotor and said 
second rotor whereas said fourth rotor and said stator constituting said second motor. 

A power output apparatus mounted on a vehicle for outputting power to a drive shaft of said vehicle, said power out- 
put apparatus comprising: ^ 

an engine having an output shaft; 
engine-driving means for driving said engine; 

a first motor comprising a first rotor connected with said output shaft of said engine and a second rotor con- 
nected with said drive shaft, said second rotor being coaxial to and rotatable relative to said first rotor said first 
and second rotors being electromagnetically connected with each other, whereby power is transmitted 
between said output shaft of said engine and said drive shaft via an electromagnetic coupling of said first rotor 
with said second rotor; 

a first motor-driving circuit for controlling the degree of electromagnetic coupling of said first rotor with said sec- 
ond rotor in said first motor and regulating the rotation of said second rotor relative to said first rotor 
a second motor connected with said output shaft of said engine; 
a second motor-driving circuit for driving and controlling said second motor; 

storage battery means connected with said first motor-driving circuit and said second motor-driving circuit said 
storage battery means being charged with electric power and discharged to release electric power via said first 
motor-driving circuit and said second motor-driving circuit; 
running state detection means for detecting a running state of said vehicle; 

power prediction means for predicting an output state of the power to said drive shaft corresponding to a pre- 
determined output state based on the running state of said vehicle detected by said running state detection 
means, said predetermined output state representing the output state accompanied by a process of charginq 
said storage battery means with electric power that is equal to or greater than a predetermined electric power 
and 

control means for, when said predetermined output state is predicted by said power prediction means control- 
ling said engine via sa.d engine-driving means and controlling said first motor and said second motor via said 
first motor-driving circuit and said second motor-driving circuit, so as to allow said storage battery means to be 
charged at least with the predetermined electric power. 

A power output apparatus in accordance with claim 5, wherein said first motor and said second motor are con- 
structed as a complex motor that comprises a third rotor connected with said output shaft of said engine a fourth 
rotor connected with said drive shaft to be coaxial to and rotatable relative to said third rotor, and a stator for rotatinq 
said fourth rotor, said third rotor and said fourth rotor constituting said first molor comprising said first rotor and said 
second rotor whereas said third rotor and said stator constituting said second motor. 

A power output apparatus mounted on a vehicle for outputting power to a drive shaft of said vehicle said power out- 
put apparatus comprising: 

an engine having an output shaft; 
engine-driving means for driving said engine; 

a first motor comprising a first rotor connected with said output shaft of said engine and a second rotor con- 
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nected with sard drive shaft, said second rotor being coaxial to and rotatable relative to said first rotor said first 
and second rotors being electromagnetically connected with each other, whereby power is transmitted 
between said output shaft of said engine and said drive shaft via an electromagnetic coupling of said first rotor 
with said second rotor; 

a first motor-driving circuit for controlling the degree of electromagnetic coupling of said first rotor with said sec- 
ond rotor in said first motor and regulating the rotation of said second rotor relative to said first rotor; 
a second motor connected with said drive shaft; 

a second motor-driving circuit for driving and controlling said second motor; 

storage battery means connected with said first motor-driving circuit and said second motor-driving circuit said 
storage battery means being charged with electric power and discharged to release electric power via said first 
motor-driving circuit and said second motor-driving circuit; 

position/direction detecting means having map information, said position/direction detecting means detecting 
a current position and a running direction of said vehicle in relation to said map information* 
power prediction means for predicting an output state of the power to said drive shaft corresponding to a pre- 
determined output state based on the current position and the running direction of said vehicle detected in rela- 
tion to said map information by said position/direction detecting means, said predetermined output state 
representing the output state accompanied by a process of charging said storage battery means with electric 
power that is equal to or greater than a predetermined electric power; and 

control means for, when said predetermined output state is predicted by said power prediction means control- 
ling said engine via said engine-driving means and controlling said first motor and said second motor via said 
first motor-driving circuit and said second motor-driving circuit, so as to allow said storage battery means to be 
charged at least with the predetermined electric power. 

8. A power output apparatus in accordance with claim 7, wherein said map information of said position/direction 
detecting means comprises specific information regarding a specific area that generates said predetermined out- 
put state and requires said vehicle to run on a slope having a predetermined or greater rising gradient, 

said power prediction means further comprising means for, when the current position of said vehicle detected 
by said position/direction detecting means corresponds to the specific area that generates said predetermined 
output state and is included as the specific information in said map information, predicting that said predeter- 
mined output state would be expected in a predetermined time period. 

). A power output apparatus in accordance with claim 7, wherein said map information of said position/direction 
detecting means stores specific information regarding a specific area that generates said predetermined output 
state and requires said vehicle to run on a slope having a predetermined or greater rising gradient. 

said power prediction means further comprising means for, when said vehicle is expected to enter in a prede- 
termined time period, the specific area that generates said predetermined output state and is included as the 
specific information in said map information, based on the current position and the running direction of said 
vehicle detected by said position/direction detecting means, predicting that said predetermined output state 
would be expected in the predetermined time period. 

0. A power output apparatus in accordance with claim 7, wherein said map information of said position/direction 
detecting means stores data regarding slopes on a driving route of said vehicle as specific information, 

said power prediction means further comprising means for, when said vehicle is running on a slope having a 
predetermined or greater rising gradient based on said map information and the current position and the run- 
ning direction of said vehicle detected by said position/direction detecting means, predicting that said predeter- 
mined output state would be expected in a predetermined time period. 

1. A power output apparatus in accordance with claim 7, wherein said first motor and said second motor are con- 
structed as a complex motor that comprises a third rotor connected with said output shaft of said engine a fourth 
rotor connected with said drive shaft to be coaxial to and rotatable relative to said third rotor, and a stator for rotating 
said fourth rotor, said third rotor and said fourth rotor constituting said first motor comprising said first rotor and said 
second rotor whereas said fourth rotor and said stator constituting said second motor. 

2. A power output apparatus mounted on a vehicle for outputting power to a drive shaft of said vehicle, said power out- 
put apparatus comprising: 
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an engine having an output shaft; 
engine-driving means for driving said engine; 

a first motor comprising a first rotor connected with said output shaft of said engine and a second rotor con- 
nected with said drive shaft, said second rotor being coaxial to and rotatable relative to said first rotor, said first 
and second rotors being electromagnetically connected with each other, whereby power is transmitted 
between said output shaft of said engine and said drive shaft via an electromagnetic coupling of said first rotor 
with said second rotor; 

a first motor-driving circuit for controlling the degree of electromagnetic coupling of said first rotor with said sec- 
ond rotor in said first motor and regulating the rotation of said second rotor relative to said first rotor; 
a second motor connected with said output shaft of said engine; 
a second motor-driving circuit for driving and controlling said second motor; 

storage battery means connected with said first motor-driving circuit and said second motor-driving circuit said 
storage battery means being charged with electric power and discharged to release electric power via said first 
motor-driving circuit and said second motor-driving circuit; 

position/direction detecting means having map information, said position/direction detecting means detecting 
a current position and a running direction of said vehicle in relation to said map information; 
power prediction means for predicting an output state of the power to said drive shaft corresponding to a pre- 
determined output state based on the current position and the running direction of said vehicle detected in rela- 
tion to said map information by said position/direction detecting means, said predetermined output state 
representing the output state accompanied by a process of charging said storage battery means with electric 
power that is equal to or greater than a predetermined electric power; and 

control means for, when said predetermined output state is predicted by said power prediction means control- 
ling said engine via said engine-driving means and controlling said first motor and said second motor via said 
first motor-driving circuit and said second motor-driving circuit, so as to allow said storage battery means to be 
charged at least with the predetermined electric power. 

13. A power output apparatus in accordance with claim 12, wherein said first motor and said second motor are con- 
structed as a complex motor that comprises a third rotor connected with said output shaft of said engine a fourth 
rotor connected with said drive shaft to be coaxial to and rotatable relative to said third rotor, and a stator for rotating 
said fourth rotor, said third rotor and said fourth rotor constituting said first motor comprising said first rotor and said 
second rotor whereas said third rotor and said stator constituting said second motor. 

14. A power output apparatus for outputting power to a drive shaft, said power output apparatus comprising: 

an engine having an output shaft; 

a first motor comprising a first rotor connected with said output shaft of said engine and a second rotor con- 
nected with sad drive shaft, said second rotor being coaxial to and rotatable relative to said first rotor said first 
and second rotors being electromagnetically connected with each other, whereby power is transmitted 
between said output shaft of said engine and said drive shaft via an electromagnetic coupling of said first rotor 
with said second rotor; 

a first motor-driving circuit for controlling the degree of electromagnetic coupling of said first rotor with said sec- 
ond rotor in said first motor and regulating the rotation of said second rotor relative to said first rotor - 
a second motor connected with said drive shaft; 

a second motor-driving circuit for driving and controlling said second motor; 

storage battery means connected with said first motor-driving circuit and said second motor-driving circuit said 
storage battery means being charged with electric power and discharged to release electric power via said first 
motor -driving circuit and said second motor-driving circuit; 

power-consuming means electrically connected with said first motor-driving circuit and said second motor-driv- 
ing circuit, said power-consuming means consuming at least part of the electric power regenerated via at least 
one of said first motor-driving circuit and said second motor-driving circuit; 

output state detecting means for detecting an output state of the power to said drive shaft by said engine said 
first motor, and said second motor; and 

electric power control means for, when the output state of the power detected by said output state detecting 
means is accompanied by a process of charging said storage battery means with electric power that is greater 
than a predeterm.ned electric power, controlling said first motor-driving circuit, said second motor-driving cir- 
curt. and said power-consuming means, in order to supply the predetermined electric power to said storage 
battery means which is thereby charged with the supplied electric power, while supplying a surplus power to 
said power-consuming means. 
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L A power output apparatus in accordance with claim 14, wherein said first motor and said second motor are con- 
structed as a complex motor that comprises a third rotor connected with said output shaft of said engine, a fourth 
rotor connected with said drive shaft to be coaxial to and rotatable relative to said third rotor, and a stator for rotating 
said fourth rotor, said third rotor and said fourth rotor constituting said first motor comprising said first rotor and said 
second rotor whereas said fourth rotor and said stator constituting said second motor. 

. A power output apparatus for outputting power to a drive shaft, said power output apparatus comprising: 
an engine having an output shaft; 

a first motor comprising a first rotor connected with said output shaft of said engine and a second rotor con- 
nected with said drive shaft, said second rotor being coaxial to and rotatable relative to said first rotor, said first 
and second rotors being electromagnetically connected with each other, whereby power is transmitted 
between said output shaft of said engine and said drive shaft via an electromagnetic coupling of said first rotor 
with said second rotor; 

a first motor-driving circuit for controlling the degree of electromagnetic coupling of said first rotor with said sec- 
ond rotor in said first motor and regulating the rotation of said second rotor relative to said first rotor; 
a second motor connected with said output shaft of engine; 
a second motor-driving circuit for driving and controlling said second motor; 

storage battery means connected with said first motor-driving circuit and said second motor-driving circuit, said 
storage battery means being charged with electric power and discharged to release electric power via said first 
motor-driving circuit and said second motor-driving circuit; 

power-consuming means electrically connected with said first motor-driving circuit and said second motor-driv- 
ing circuit, said power-consuming means consuming at least part of the electric power regenerated via at least 
one of said first motor-driving circuit and said second motor-driving circuit; 

output state detecting means for detecting an output state of the power to said drive shaft by said engine, said 
first motor, and said second motor; and 

electric power control means for. when the output state of the power detected by said output state detecting 
means is accompanied by a process of charging said storage battery means with electric power that is greater 
than a predetermined electric power, controlling said first motor-driving circuit, said second motor-driving cir- 
cuit, and said power-consuming means, in order to supply the predetermined electric power to said storage 
battery means which is thereby charged with the supplied electric power, while supplying a surplus power to 
said power-consuming means. 

A power output apparatus in accordance with claim 16. wherein said first motor and said second motor are con- 
structed as a complex motor that comprises a third rotor connected with said output shaft of said engine a fourth 
rotor connected with said drive shaft to be coaxial to and rotatable relative to said third rotor, and a stator for rotating 
said fourth rotor, said third rotor and said fourth rotor constituting said first motor comprising said first rotor and said 
second rotor whereas said third rotor and said stator constituting said second motor. 

A power output apparatus for outputting power to a drive shaft, said power output apparatus comprising: 

an engine having an output shaft; 
engine-driving means for driving said engine; 

a first motor comprising a first rotor connected with said output shaft of said engine and a second rotor con- 
nected with said drive shaft, said second rotor being coaxial to and rotatable relative to said first rotor, said first 
and second rotors being electromagnetically connected with each other, whereby power is transmitted 
between said output shaft of said engine and said drive shaft via an electromagnetic coupling of said first rotor 
with said second rotor; 

a first motor-driving circuit for controlling the degree of electromagnetic coupling of said first rotor with said sec- 
ond rotor in said first motor and regulating the rotation of said second rotor relative to said first rotor; 
a second motor connected with said drive shaft; 

a second motor-driving circuit for driving and controlling said second motor; 

storage battery means connected with said first motor-driving circuit and said second motor-driving circuit, said 
storage battery means being charged with electric power and discharged to release electric power via said first 
motor-driving circuit and said second motor-driving circuit; 

output state detecting means for detecting an output state of the power to said drive shaft by said engine, said 
first motor, and said second motor; and 

power control means for. when the output state of the power detected by said output state detecting means is 
accompanied by a process of charging said storage battery means with electric power that is greater than a 
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predetermined electric power, controlling said engine via said engine-driving means and controlling said first 
motor and sa.d second motor via said first motor-driving circuit and said second motor-driving circuit in order 
to change the output state of the power to a specific state accompanied by a process of charging said storage 
battery means with electric power not greater than the predetermined electric power, without varying the power 
output to said drive shaft. 


i. A power output apparatus in accordance with claim 18. wherein said power control means further comprises 
means for controlling said engine via said engine-driving means, in order to decrease a revolving speed of said out- 
put shaft without varying a torque output from said engine to said output shaft of said engine. 

. A power output apparatus in accordance with claim 18, wherein said first motor and said second motor are con- 
structed as a complex motor that comprises a third rotor connected with said output shaft of said engine a fourth 
rotor connected with said drive shaft to be coaxial to and rotatable relative to said third rotor, and a stator for rotating 
said fourth rotor, sa.d third rotor and said fourth rotor constituting said first motor comprising said first rotor and said 
second rotor whereas said fourth rotor and said stator constituting said second motor. 

. A power output apparatus for outputting power to a drive shaft, said power output apparatus comprising: 

an engine having an output shaft; 
engine-driving means for driving said engine; 

a first motor comprising a first rotor connected with said output shaft of said engine and a second rotor con- 
nected with said drive shaft, said second rotor being coaxial to and rotatable relative to said first rotor said first 
and second rotors being electromagnetically connected with each other, whereby power is transmitted 
between said output shaft of said engine and said drive shaft via an electromagnetic coupling of said first rotor 
with said second rotor; 

a first motor-driving circuit for controlling the degree of electromagnetic coupling of said first rotor with said sec- 
ond rotor in said first motor and regulating the rotation of said second rotor relative to said first rotor 
a second motor connected with said output shaft of said engine; 
a second motor-driving circuit for driving and controlling said second motor; 

storage battery means connected with said first motor-driving circuit and said second motor-driving circuit said 
storage battery means being charged with electric power and discharged to release electric power via said first 
motor-driving circuit and said second motor-driving circuit; 

output state detecting means for detecting an output state of the power to said drive shaft by said engine said 
first motor, and said second motor; and ' 
power control means for. when the output state of the power detected by said output state detecting means is 
accompanied by a process of charging said storage battery means with electric power that is greater than a 
predetermined electric power, controlling said engine via said engine-driving means and controlling said first 
motor and said second motor via said first motor-driving circuit and said second motor-driving circuit in order 
to change the output state of the power to a specific state accompanied by a process of charging said storage 
battery means with electric power not greater than the predetermined electric power, without varying the power 
output to said drive shaft. ^ 

A power output apparatus in accordance with claim 21 , wherein said first motor and said second motor are con- 
structed as a complex motor that comprises a third rotor connected with said output shaft of said engine a fourth 
rotor connected with said drive shaft to be coaxial to and rotatable relative to said third rotor, and a stator for rotating 
said fourth rotor, sa.d third rotor and said fourth rotor constituting said first motor comprising said first rotor and said 
second rotor whereas said third rotor and said stator constituting said second motor. 

A method of controlling a power output apparatus mounted on a vehicle for outputting power to a drive shaft said 
method comprising the steps of: 

(a) providing an engine having an output shaft; a first motor comprising a first rotor connected with said output 
shaft of said engine and a second rotor connected with said drive shaft, said second rotor being coaxial to and 
rotatable relative to said first rotor, said first and second rotors being electromagnetically connected with each 
other, whereby power is transmitted between said output shaft of said engine and said drive shaft via an elec- 
tromagnetic coupling of said first rotor with said second rotor; a second motor connected with said drive shaft 
and storage battery means being charged with electric power and discharged to release electric power by said 
first motor and said second motor; 

(b) detecting a running state of said vehicle; 
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(c) predicting an output state of the power to said drive shaft corresponding to a predetermined output state 
based on the running state of said vehicle detected in said step (b), said predetermined output state represent- 
ing the output state accompanied by a process of charging said storage battery means with electric power that 
is equal to or greater than a predetermined electric power; and 

(d) controlling said engine, said first motor, and said second motor, so as to allow said storage battery means 
to be charged at least with the predetermined electric power, when said predetermined output state is 
expected in said step (c). 

24. A method of controlling a power output apparatus mounted on a vehicle for outputting power to a drive shaft said 
method comprising the steps of: 

(a) providing an engine having an output shaft; a first motor comprising a first rotor connected with said output 
shaft of said engine and a second rotor connected with said drive shaft, said second rotor being coaxial to and 
rotatable relative to said first rotor, said first and second rotors being electromagnetically connected with each 
other, whereby power is transmitted between said output shaft of said engine and said drive shaft via an elec- 
tromagnetic coupling of said first rotor with said second rotor; a second motor connected with said drive shaft- 
and storage battery means being charged with electric power and discharged to release electric power by said 
first motor and said second motor; 

(b) detecting a current position and a running direction of said vehicle in relation to map information; 

(c) predicting an output state of the power to said drive shaft corresponding a predetermined output state 
based on the current position and the running direction of said vehicle detected in relation to said map infor- 
mation in said step (b), said predetermined output state representing the output state accompanied by a proc- 
ess of charging said storage battery means with electric power that is equal to or greater than a predetermined 
electric power; and 

(d) controlling said engine, said first motor, and said second motor, so as to allow said storage battery means 
to be charged at least with the predetermined electric power, when said predetermined output state is 
expected in said step (c). 

25. A method of controlling a power output apparatus mounted on a vehicle for outputting power to a drive shaft said 
method comprising the steps of: 

(a) providing an engine having an output shaft; a first motor comprising a first rotor connected with said output 
shaft of said engine and a second rotor connected with said drive shaft, said second rotor being coaxial to and 
rotatable relative to said first rotor, said first and second rotors being electromagnetically connected with each 
other, whereby power is transmitted between said output shaft of said engine and said drive shaft via an elec- 
tromagnetic coupling of said first rotor with said second rotor; a second motor connected with said drive shaft- 
storage battery means being charged with electric power and discharged to release electric power by said first 
motor and said second motor; and power-consuming means that can consume electric power; 

(b) detecting an output state of the power to said drive shaft by said engine, said first motor, and said second 
motor; and 

(c) controlling said first motor, said second motor, and said power-consuming means, when the output state of 
the power detected in said step (b) is accompanied by a process of charging said storage battery means with 
electric power that is equal to or greater than a predetermined electric power, in order to supply the predeter- 
mined electric power to said storage battery means which is thereby charged with the supplied electric power 
while supplying a surplus power to said power-consuming means. 

26. A method of controlling a power output apparatus mounted on a vehicle for outputting power to a drive shaft said 
method comprising the steps of: 

(a) providing an engine having an output shaft; a first motor comprising a first rotor connected with said output 
shaft of said engine and a second rotor connected with said drive shaft, said second rotor being coaxial to and 
rotatable relative to said first rotor, said first and second rotors being electromagnetically connected with each 
other, whereby power is transmitted between said output shaft of said engine and said drive shaft via an elec- 
tromagnetic coupling of said first rotor with said second rotor; a second motor connected with said drive shaft 
and storage battery means being charged with electric power and discharged to release electric power by said 
first motor and said second motor; 

(b) detecting an output state of the power to said drive shaft by said engine, said first motor, and said second 
motor; and 

(c) controlling said engine, said first motor, and said second motor, when the output state of the power detected 
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in said step (b) is accompanied by a process of charging said storage battery means with electric power that 
is equal to or greater than a predetermined electric power, in order to change the output state of the power to 
a specific state accompanied by a process of charging said storage battery means with electric power not 
greater than the predetermined electric power, without varying the power output to said drive shaft 
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